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Foreword

Despite our best intentions, most of what constitutes modern medical
imaging practice is based on habit, anecdotes, and scientific writings that
are too often fraught with biases. Best estimates suggest that only around
30% of what constitutes “imaging knowledge” is substantiated by reliable
scientific inquiry. This poses problems for clinicians and radiologists,
because inevitably, much of what we do for patients ends up being inef-
ficient, inefficacious, or occasionally even harmful.

In recent years, recognition of how the unsubstantiated practice of
medicine can result in poor-quality care and poorer health outcomes has
led to a number of initiatives. Most significant in my mind is the evidence-
based medicine movement that seeks to improve clinical research and
research synthesis as a means of providing a more definitive knowledge
basis for medical practice. Although the roots of evidence-based medicine
are in fields other than radiology, in recent years, a number of radiologists
have emerged to assume leadership roles. Many are represented among
the authors and editors of this excellent book, the purpose of which is to
enhance understanding of what constitutes the evidence basis for the prac-
tice of medical imaging and where that evidence basis is lacking.

It comes not a moment too soon, given how much is going on in the
regulatory and payer worlds concerning health care quality. There is a
general lack of awareness among radiologists about the insubstantiality of
the foundations of our practices. Through years of teaching medical stu-
dents, radiology residents and fellows, and practicing radiologists in
various venues, it occurs to me that at the root of the problem is a lack of
sophistication in reading the radiology literature. Many clinicians and radi-
ologists are busy physicians, who, over time, have taken more to reading
reviews and scanning abstracts than critically examining the source of
practice pronouncements. Even in our most esteemed journals, literature
reviews tend to be exhaustive regurgitations of everything that has been
written, without providing much insight into which studies were per-
formed more rigorously, and hence are more believable. Radiology train-
ing programs spend inordinate time cramming the best and brightest
young minds with acronyms, imaging “signs,” and unsubstantiated
factoids while mostly ignoring teaching future radiologists how to think
rigorously about what they are reading and hearing.

vii



viii

Foreword

As I see it, the aim of this book is nothing less than to begin to reverse
these conditions. This book is not a traditional radiology text. Rather, the
editors and authors have provided first a framework for how to think
about many of the most important imaging issues of our day, and then
fleshed out each chapter with a critical review of the information available
in the literature.

There are a number of very appealing things about the approach
employed here. First, the chapter authors are a veritable “who’s who” of
the most thoughtful individuals in our field. Reading this book provides a
window into how they think as they evaluate the literature and arrive at
their conclusions, which we can use as models for our own improvement.
Many of the chapters are coauthored by radiologists and practicing clini-
cians, allowing for more diverse perspectives. The editors have designed
a uniform approach for each chapter and held the authors’ feet to the fire
to adhere to it. Chapters 3 to 30 provide, up front, a summary of the key
points. The literature reviews that follow are selective and critical, rating
the strength of the literature to provide insight for the critical reader into
the degree of confidence he or she might have in reviewing the conclu-
sions. At the end of each chapter, the authors present the imaging
approaches that are best supported by the evidence and discuss the gaps
that exist in the evidence that should cause us lingering uncertainty.
Figures and tables help focus the reader on the most important informa-
tion, while decision trees provide the potential for more active engage-
ment. Case studies help actualize the main points brought home in each
chapter. At the end of each chapter, bullets are used to highlight areas
where there are important gaps in research.

The result is a highly approachable text that suits the needs of both the
busy practitioner who wants a quick consultation on a patient with whom
he or she is actively engaged or the radiologist who wishes a comprehen-
sive, in-depth view of an important topic. Most importantly, from my per-
spective, the book goes counter to the current trend of “dumbing down”
radiology that I abhor in many modern textbooks. To the contrary, this
book is an intelligent effort that respects the reader’s potential to think for
him- or herself and gives substance to Plutarch’s famous admonition, “The
mind is not a vessel to be filled but a fire to be kindled.”

Bruce |. Hillman, MD
Theodore E. Keats
Professor of Radiology
University of Virginia



All is flux, nothing stays still.
Nothing endures but change.
Heraclitus, 540-480 B.C.

Medical imaging has grown exponentially in the last three decades with
the development of many promising and often noninvasive diagnostic
studies and therapeutic modalities. The corresponding medical literature
has also exploded in volume and can be overwhelming to physicians. In
addition, the literature varies in scientific rigor and clinical applicability.
The purpose of this book is to employ stringent evidence-based medicine
criteria to systematically review the evidence defining the appropriate use
of medical imaging, and to present to the reader a concise summary of the
best medical imaging choices for patient care.

The 30 chapters cover the most prevalent diseases in developed coun-
tries including the four major causes of mortality and morbidity: injury,
coronary artery disease, cancer, and cerebrovascular disease. Most of the
chapters have been written by radiologists and imagers in close collabo-
ration with clinical physicians and surgeons to provide a balanced and fair
analysis of the different medical topics. In addition, we address in detail
both the adult and pediatric sides of the issues. We cannot answer all ques-
tions—medical imaging is a delicate balance of science and art, often
without data for guidance—but we can empower the reader with the
current evidence behind medical imaging.

To make the book user-friendly and to enable fast access to pertinent
information, we have organized all of the chapters in the same format. The
chapters are framed around important and provocative clinical questions
relevant to the daily physician’s practice. A short table of contents at the
beginning of each chapter helps three different tiers of users: (1) the busy
physician searching for quick guidance, (2) the meticulous physician
seeking deeper understanding, and (3) the medical-imaging researcher
requiring a comprehensive resource. Key points and summarized answers
to the important clinical issues are at the beginning of the chapters, so the
busy clinician can understand the most important evidence-based imaging
data in seconds. This fast bottom-line information is also available in a CD-
ROM format, so an expeditious search can be done at the medical office or

Preface
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Preface

hospital, or at home. Each important question and summary is followed
by a detailed discussion of the supporting evidence so that the meticulous
physician can have a clear understanding of the science behind the
evidence.

In each chapter the evidence discussed is presented in tables and figures
that provide an easy review in the form of summary tables and flow charts.
The imaging case series highlights the strengths and limitations of the dif-
ferent imaging studies with vivid examples. Toward the end of the chap-
ters, the best imaging protocols are described to ensure that the imaging
studies are well standardized and done with the highest available quality.
The final section of the chapters is Future Research, in which provocative
questions are raised for physicians and nonphysicians interested in
advancing medical imaging.

Not all research and not all evidence are created equal. Accordingly,
throughout the book, we use a four-level classification detailing the
strength of the evidence: level I (strong evidence), level II (moderate
evidence), level III (limited evidence), and level IV (insufficient evidence).
The strength of the evidence is presented in parenthesis throughout the
chapter so the reader gets immediate feedback on the weight of the
evidence behind each topic.

Finally, we had the privilege of working with a group of outstanding
contributors from major medical centers and universities in North America
and the United Kingdom. We believe that the authors’ expertise, breadth
of knowledge, and thoroughness in writing the chapters provide a valu-
able source of information and can guide decision making for physicians
and patients. In addition to guiding practice, the evidence summarized in
the chapters may have policy-making and public health implications.
Finally, we hope that the book highlights key points and generates dis-
cussion, promoting new ideas for future research.

L. Santiago Medina, MD, MPH
C. Craig Blackmore, MD, MPH
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Principles of Evidence-Based
Imaging

L. Santiago Medina and C. Craig Blackmore

Medicine is a science of uncertainty and an art of probability.
Sir William Osler

I. What is evidence-based imaging? Issues
II. The evidence-based imaging process
A. Formulating the clinical question
B. Identifying the medical literature
C. Assessing the literature
1. What are the types of clinical studies?
2. What is the diagnostic performance of a test: sensitivity,
specificity, and receiver operating characteristic (ROC) curve?
3. What are cost-effectiveness and cost-utility studies?
D. Types of economic analyses in medicine
E. Summarizing the data
F. Applying the evidence
III. How to use this book

I. What Is Evidence-Based Imaging?

The standard medical education in Western medicine has emphasized
skills and knowledge learned from experts, particularly those encountered
in the course of postgraduate medical education, and through national
publications and meetings. This reliance on experts, referred to by Dr. Paul
Gerber of Dartmouth Medical School as “eminence-based medicine” (1), is
based on the construct that the individual practitioner, particularly a spe-
cialist devoting extensive time to a given discipline, can arrive at the best
approach to a problem through his or her experience. The practitioner
builds up an experience base over years and digests information from
national experts who have a greater base of experience due to their focus
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in a particular area. The evidence-based imaging (EBI) paradigm, in con-
tradistinction, is based on the precept that a single practitioner cannot
through experience alone arrive at an unbiased assessment of the best
course of action. Assessment of appropriate medical care should instead
be derived through evidence-based research. The role of the practitioner,
then, is not simply to accept information from an expert, but rather to
assimilate and critically assess the research evidence that exists in the lit-
erature to guide a clinical decision (2—4).

Fundamental to the adoption of the principles of EBI is the understand-
ing that medical care is not optimal. The life expectancy at birth in the
United States for males and females in 2000 was 79.7 and 84.6 years, respec-
tively (Table 1.1). This is comparable to the life expectancies in other indus-
trialized nations such as the United Kingdom and Australia (Table 1.1). The
United States spends 13.3% of the gross domestic product in order to
achieve this life expectancy. This is significantly more than the United
Kingdom and Australia, which spend less than 8.5% of their gross domes-
tic product (Table 1.1). In addition, the U.S. per capita health expenditure
is $4672, which is more than twice of these expenditures in the U.K. or
Australia. In conclusion, the U.S. spends significantly more money and
resources than other industrialized countries to achieve a similar outcome
in life expectancy. This implies that significant amount of resources are
wasted in the U.S. health care system. The U.S. in 2001 spent $1.4 trillion
in health care. By 2011, the U.S. health percent of the gross domestic
product is expected to grow to 17% and at $2.8 trillion double the health
care expenditures in the decade since 2001 (5).

Simultaneous with the increase in health care costs has been an explo-
sion in available medical information. The National Library of Medicine
PubMed search engine now lists over 15 million citations. Practitioners
cannot maintain familiarity with even a minute subset of this literature
without a method of filtering out publications that lack appropriate
methodological quality. Evidence-based imaging is a promising method of
identifying appropriate information to guide practice and to improve the
efficiency and effectiveness of imaging.

Evidence-based imaging is defined as medical decision making based on
clinical integration of the best medical imaging research evidence with

Table 1.1. Life expectancy rates in three developed countries

Life expectancy

at birth (2000) % GDP in health Per capita health
Male Female care (2000)"* expenditure (2000)"?
us. 79.7° 84.6° 13.3% $4672
U.K. 75.2* 80.1* 7.3% $1763
Australia 76.6° 82.1° 8.3% $2211

GDP, gross domestic product.

! Organization for Economic Cooperation and Development Health Data File 2002.
www.oecd.org/els/health.

? National Health Statistic Group, 2001. www.cms.hhs.gov/statistics/nhe.

* Solovy A, Towne J. 2003 Digest of Health Care’s Future. American Hospital Association.
2003:1-48.

* United Kingdom Office of National Statistics.

® Australian Bureau of Statistics.



Chapter 1 Principles of Evidence-Based Imaging

the physician’s expertise and with patient’s expectations (2—4). The best
medical imaging research evidence often comes from the basic sciences of
medicine. In EBI, however, the basic science knowledge has been trans-
lated into patient-centered clinical research, which determines the accuracy
and role of diagnostic and therapeutic imaging in patient care (3). New evi-
dence may both make current diagnostic tests obsolete and new ones more
accurate, less invasive, safer, and less costly (3). The physician’s expertise
entails the ability to use the referring physician’s clinical skills and past
experience to rapidly identify high-risk individuals who will benefit from
the diagnostic information of an imaging test (4). Patient’s expectations are
important because each individual has values and preferences that should
be integrated into the clinical decision making in order to serve our
patients’ best interests (3). When these three components of medicine come
together, clinicians and imagers form a diagnostic team, which will opti-
mize clinical outcomes and quality of life for our patients.

II. The Evidence-Based Imaging Process

The evidence based imaging process involves a series of steps: (A) formu-
lation of the clinical question, (B) identification of the medical literature,
(C) assessment of the literature, (D) summary of the evidence, and (E)
application of the evidence to derive an appropriate clinical action. This
book is designed to bring the EBI process to the clinician and imager in a
user-friendly way. This introductory chapter details each of the steps in the
EBI process. Chapter 2 discusses how to critically assess the literature. The
rest of the book makes available to practitioners the EBI approach to
numerous key medical imaging issues. Each chapter addresses common
medical disorders ranging from cancer to appendicitis. Relevant clinical
questions are delineated, and then each chapter discusses the results of the
critical analysis of the identified literature. The results of this analysis are
presented with meta-analyses where appropriate. Finally, we provide
simple recommendations for the various clinical questions, including the
strength of the evidence that supports these recommendations.

A. Formulating the Clinical Question

The first step in the EBI process is formulation of the clinical question. The
entire process of evidence-based imaging arises from a question that is
asked in the context of clinical practice. However, often formulating a ques-
tion for the EBI approach can be more challenging than one would believe
intuitively. To be approachable by the EBI format, a question must be spe-
cific to a clinical situation, a patient group, and an outcome or action. For
example, it would not be appropriate to simply ask which imaging tech-
nique is better—computed tomography (CT) or radiography. The question
must be refined to include the particular patient population and the action
that the imaging will be used to direct. One can refine the question to
include a particular population (which imaging technique is better in adult
victims of high-energy blunt trauma) and to guide a particular action or
decision (to exclude the presence of unstable cervical spine fracture). The
full EBI question then becomes: In adult victims of high-energy blunt
trauma, which imaging modality is preferred, CT or radiography, to
exclude the presence of unstable cervical spine fracture? This book
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addresses questions that commonly arise when employing an EBI
approach. These questions and issues are detailed at the start of each
chapter.

B. Identifying the Medical Literature

The process of EBI requires timely access to the relevant medical literature
to answer the question. Fortunately, massive on-line bibliographical refer-
ences such as PubMed are available. In general, titles, indexing terms,
abstracts, and often the complete text of much of the world’s medical lit-
erature are available through these on-line sources. Also, medical librari-
ans are a potential resource to aid identification of the relevant imaging
literature. A limitation of today’s literature data sources is that often too
much information is available and too many potential resources are iden-
tified in a literature search. There are currently over 50 radiology journals,
and imaging research is also frequently published in journals from other
medical subspecialties. We are often confronted with more literature and
information than we can process. The greater challenge is to sift through
the literature that is identified to select that which is appropriate.

C. Assessing the Literature

To incorporate evidence into practice, the clinician must be able to under-
stand the published literature and to critically evaluate the strength of the
evidence. In this introductory chapter on the process of EBI we focus on
discussing types of research studies. Chapter 2 is a detailed discussion of
the issues in determining the validity and reliability of the reported results.

1. What Are the Types of Clinical Studies?

An initial assessment of the literature begins with determination of the type
of clinical study: descriptive, analytical, or experimental (6). Descriptive
studies are the most rudimentary, as they only summarize disease
processes as seen by imaging, or discuss how an imaging modality can be
used to create images. Descriptive studies include case reports and
case series. Although they may provide important information that leads
to further investigation, descriptive studies are not usually the basis for
EBIL.

Analytic or observational studies include cohort, case-control, and cross-
sectional studies (Table 1.2). Cohort studies are defined by risk factor
status, and case-control studies consist of groups defined by disease status
(7). Both case-control and cohort studies may be used to define the associ-
ation between an intervention, such as an imaging test, and patient

Table 1.2. Study design

Prospective Randomization

follow-up of subjects Controls
Case report or series No No No
Cross-sectional study No No Yes
Case-control study No No Yes
Cohort study Yes/No No Yes

Randomized controlled trial Yes Yes Yes
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outcome (8). In a cross-sectional (prevalence) study, the researcher makes
all of his measurements on a single occasion. The investigator draws a
sample from the population (i.e., abdominal aorta aneurysms at age 50 to
80 years) and determines distribution of variables within that sample (6).
The structure of a cross-sectional study is similar to that of a cohort study
except that all pertinent measurements (i.e., abdominal aorta size) are
made at once, without a follow-up period. Cross-sectional studies can be
used as a major source for health and habits of different populations and
countries, providing estimates of such parameters as the prevalence of
abdominal aorta aneurysm, arterial hypertension and hyperlipidemia (6,9).

In experimental studies or clinical trials, a specific intervention is per-
formed and the effect of the intervention is measured by using a control
group (Table 1.2). The control group may be tested with a different diag-
nostic test, and treated with a placebo or an alternative mode of therapy
(6,10). Clinical trials are epidemiologic designs that can provide data of
high quality that resemble the controlled experiments done by basic
science investigators (7). For example, clinical trials may be used to assess
new diagnostic tests (e.g., contrast enhanced CT angiogram for carotid
artery disease) or new interventional procedures (e.g., stenting for carotid
artery disease).

Studies are also traditionally divided into retrospective and prospective
(Table 1.2) (6,10). These terms refer more to the way the data are gathered
than to the specific type of study design. In retrospective studies, the events
of interest have occurred before study onset. Retrospective studies are
usually done to assess rare disorders, for pilot studies, and when prospec-
tive investigations are not possible. If the disease process is considered rare,
retrospective studies facilitate the collection of enough subjects to have
meaningful data. For a pilot project, retrospective studies facilitate the col-
lection of preliminary data that can be used to improve the study design
in future prospective studies. The major drawback of a retrospective study
is incomplete data acquisition (9). Case-control studies are usually retro-
spective. For example, in a case-control study, subjects in the case group
(patients with hemorrhagic brain aneurysms) are compared with subjects
in a control group (nonhemorrhagic brain aneurysms) to determine a pos-
sible cause of bleed (e.g., size and characteristics of the aneurysm) (9).

In prospective studies, the event of interest transpires after study onset.
Prospective studies, therefore, are the preferred mode of study design, as
they facilitate better control of the design and the quality of the data
acquired (6). Prospective studies, even large studies, can be performed effi-
ciently and in a timely fashion if done on common diseases at major insti-
tutions, as multicenter trials with adequate study populations (11). The
major drawback of a prospective study is the need to make sure that the
institution and personnel comply with strict rules concerning consents,
protocols, and data acquisition (10). Persistence, to the point of irritation,
is crucial to completing a prospective study. Cohort studies and clinical
trials are usually prospective. For example, a cohort study could be per-
formed in which the risk factor of brain aneurysm size is correlated with
the outcome of intracranial hemorrhage morbidity and mortality, as the
patients are followed prospectively over time (9).

The strongest study design is the prospective randomized, blinded clin-
ical trial (Table 1.2) (6). The randomization process helps to distribute
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known and unknown confounding factors, and blinding helps to prevent
observer bias from affecting the results (6,7). However, there are often cir-
cumstances in which it is not ethical or practical to randomize and follow
patients prospectively. This is particularly true in rare conditions, and in
studies to determine causes or predictors of a particular condition (8).
Finally, randomized clinical trials are expensive and may require many
years of follow-up. For example, the currently ongoing randomized clini-
cal trial of lung cancer CT screening will require 10 years for completion,
with costs estimated at $200 million. Not surprisingly, randomized clinical
trials are uncommon in radiology. The evidence that supports much of
radiology practice is derived from cohort and other observational studies.
More randomized clinical trials are necessary in radiology to provide
sound data to use for EBI practice (3).

2. What Is the Diagnostic Performance of a Test: Sensitivity, Specificity, and
Receiver Operating Characteristic (ROC) Curve?

Defining the presence or absence of an outcome (i.e., disease and nondis-
ease) is based on a standard of reference (Table 1.3). While a perfect stan-
dard of reference or so-called gold standard can never be obtained, careful
attention should be paid to the selection of the standard that should be
widely believed to offer the best approximation to the truth (12).

In evaluating diagnostic tests, we rely on the statistical calculations of
sensitivity and specificity (see Appendix 1 at the end of this chapter). Sen-
sitivity and specificity of a diagnostic test is based on the two-way (2 x 2)
table (Table 1.3). Sensitivity refers to the proportion of subjects with the
disease who have a positive test and is referred to as the true positive rate
(Fig. 1.1). Sensitivity, therefore, indicates how well a test identifies the sub-
jects with disease (6,13).

Specificity is defined as the proportion of subjects without the disease
who have a negative index test (Fig. 1.1) and is referred to as the true neg-
ative rate. Specificity, therefore, indicates how well a test identifies the sub-
jects with no disease (6,10). It is important to note that the sensitivity and
specificity are characteristics of the test being evaluated and are therefore
usually independent of the prevalence (proportion of individuals in a pop-
ulation who have disease at a specific instant) because the sensitivity only
deals with the diseased subjects, whereas the specificity only deals with
the nondiseased subjects. However, sensitivity and specificity both depend
on a threshold point for considering a test positive, and hence may change
according to which threshold is selected in the study (10,13,14) (Fig. 1.1A).
Excellent diagnostic tests have high values (close to 1.0) for both sensitiv-
ity and specificity. Given exactly the same diagnostic test, and exactly the
same subjects confirmed with the same reference test, the sensitivity with
a low threshold is greater than the sensitivity with a high threshold. Con-
versely, the specificity with a low threshold is less than the specificity with
a high threshold (Fig. 1.1B) (13,14).

Table 1.3. Two-way table of diagnostic testing

Disease (standard of reference: gold standard)

Test result Present Absent
Positive a (TP) b (FP)
Negative c (FN) d (TN)

FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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Figure 1.1. Test with a low (A) and high (B) threshold. The sensitivity and speci-
ficity of a test changes according to the threshold selected; hence, these diagnostic
performance parameters are threshold dependent. Sensitivity with low threshold
(TPa/diseased patients) is greater than sensitivity with a higher threshold (TPb/dis-
eased patients). Specificity with a low threshold (TNa/nondiseased patients) is less
than specificity with a high threshold (TNb/nondiseased patients). FN, false nega-
tive; FP, false positive; TN, true negative; TP, true positive. [Source: Medina (10),
with permission from the American Society of Neuroradiology.]

The effect of threshold on the ability of a test to discriminate between
disease and nondisease can be measured by a receiver operating charac-
teristic (ROC) curve (10,14). The ROC curve is used to indicate the trade-
offs between sensitivity and specificity for a particular diagnostic test, and
hence describes the discrimination capacity of that test. An ROC graph
shows the relationship between sensitivity (y-axis) and 1—specificity (x-
axis) plotted for various cutoff points. If the threshold for sensitivity and
specificity are varied, a ROC curve can be generated. The diagnostic per-
formance of a test can be estimated by the area under the ROC curve. The
steeper the ROC curve, the greater the area and the better the discrimina-
tion of the test (Fig. 1.2). A test with perfect discrimination has an area of
1.0, whereas a test with only random discrimination has an area of 0.5 (Fig.
1.2). The area under the ROC curve usually determines the overall diag-
nostic performance of the test independent of the threshold selected
(10,14). The ROC curve is threshold independent because it is generated
by using varied thresholds of sensitivity and specificity. Therefore, when
evaluating a new imaging test, in addition to the sensitivity and specificity,
a ROC curve analysis should be done so the threshold-dependent and
-independent diagnostic performance can be fully determined (9).

3. What Are Cost-Effectiveness and Cost-Utility Studies?

Cost-effectiveness analysis (CEA) is an objective scientific technique used
to assess alternative health care strategies on both cost and effectiveness
(15-17). It can be used to develop clinical and imaging practice guidelines
and to set health policy (18). However, it is not designed to be the final
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answer to the decision-making process; rather, it provides a detailed analy-
sis of the cost and outcome variables and how they are affected by com-
peting medical and diagnostic choices.

Health dollars are limited regardless of the country’s economic status.
Hence, medical decision makers must weigh the benefits of a diagnostic
test (or any intervention) in relation to its cost. Health care resources should
be allocated so the maximum health care benefit for the entire population
is achieved (9). Cost-effectiveness analysis is an important tool to address
health cost-outcome issues in a cost-conscious society. Countries such as
Australia usually require robust CEA before drugs are approved for
national use (9).

Unfortunately, the term cost-effectiveness is often misused in the medical
literature (19). To say that a diagnostic test is truly cost-effective, a com-
prehensive analysis of the entire short- and long-term outcomes and costs
need to be considered. Cost-effectiveness analysis is an objective technique
used to determine which of the available tests or treatments are worth the
additional costs (20).

There are established guidelines for conducting robust CEA. The U.S.
Public Health Service formed a panel of experts on cost-effectiveness in
health and medicine to create detailed standards for cost-effectiveness
analysis. The panel’s recommendations were published as a book in 1996
(20).

D. Types of Economic Analyses in Medicine

There are four well-defined types of economic evaluations in medicine:
cost-minimization studies, cost-benefit analyses, cost-effectiveness analy-
ses, and cost-utility analyses. They are all commonly lumped under the
term cost-effectiveness analysis. However, significant differences exist among
these different studies.

Cost-minimization analysis is a comparison of the cost of different health
care strategies that are assumed to have identical or similar effectiveness
(15). In medical practice, few diagnostic tests or treatments have identical
or similar effectiveness. Therefore, relatively few articles have been pub-
lished in the literature with this type of study design (21). For example, a
recent study demonstrated that functional magnetic resonance imaging
(MRI) and the Wada test have similar effectiveness for language lateral-
ization, but the later is 3.7 times more costly than the former (22).

Cost-benefit analysis (CBA) uses monetary units such as dollars or euros
to compare the costs of a health intervention with its health benefits (15).
It converts all benefits to a cost equivalent, and is commonly used in the
financial world where the cost and benefits of multiple industries can be
changed to only monetary values. One method of converting health out-
comes into dollars is through a contingent valuation, or willingness-to-pay
approach. Using this technique, subjects are asked how much money they
would be willing to spend to obtain, or avoid, a health outcome. For
example, a study by Appel and colleagues (23) found that individuals
would be willing to pay $50 for low osmolar contrast agents to decrease
the probability of side effects from intravenous contrast. However, in
general, health outcomes and benefits are difficult to transform to mone-
tary units; hence, CBA has had limited acceptance and use in medicine and
diagnostic imaging (15,24).

9
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Cost-effectiveness analysis (CEA) refers to analyses that study both the
effectiveness and cost of competing diagnostic or treatment strategies,
where effectiveness is an objective measure (e.g., intermediate outcome:
number of strokes detected; or long-term outcome: life-years saved). Radi-
ology CEAs often use intermediate outcomes, such as lesion identified,
length of stay, and number of avoidable surgeries (15,17). However, ideally
long-term outcomes such as life-years saved (LYS) should be used (20). By
using LYS, different health care fields or interventions can be compared.
For example, annual mammography for women age 55 to 64 years costs
$110,000 per LYS (updated to 1993 U.S. dollars) (25), annual cervical cancer
screening for women beginning at age 20 years costs $220,000 per LYS
(updated to 1993 U.S. dollars) (25,26), and colonoscopy for colorectal
cancer screening for people older than 40 years costs $90,000 per LYS
(updated to 1993 U.S. dollars) (25,27).

Cost-utility analysis is similar to CEA except that the effectiveness also
accounts for quality of life issues. Quality of life is measured as utilities
that are based on patient preferences (15). The most commonly used utility
measurement is the quality-adjusted life year (QALY). The rationale behind
this concept is that the QALY of excellent health is more desirable than the
same 1 year with substantial morbidity. The QALY model uses preferences
with weight for each health state on a scale from 0 to 1, where 0 is death
and 1 is perfect health. The utility score for each health state is multiplied
by the length of time the patient spends in that specific health state (15,28).
For example, let’s assume that a patient with a moderate stroke has a utility
of 0.7 and he spends 1 year in this health state. The patient with the mod-
erate stroke would have a 0.7 QALY in comparison with his neighbor who
has a perfect health and hence a 1 QALY.

Cost-utility analysis incorporates the patient’s subjective value of the risk,
discomfort, and pain into the effectiveness measurements of the different
diagnostic or therapeutic alternatives. In the end, all medical decisions
should reflect the patient’s values and priorities (28). That is the explana-
tion of why cost-utility analysis is becoming the preferred method for eval-
uation of economic issues in health (18,20). For example, in low-risk
newborns with intergluteal dimple suspected of having occult spinal dys-
raphism, ultrasound was the most effective strategy with an incremented
cost-effectiveness ratio of $55,100 per QALY. In intermediate-risk newborns
with low anorectal malformation, however, MRI was more effective than
ultrasound at an incremental cost-effectiveness of $1000 per QALY (29).

Assessment of Outcomes: The major challenge to cost-utility analysis is the
quantification of health or quality of life. One way to quantify health is
descriptively. By assessing what patients can and cannot do, how they feel,
their mental state, their functional independence, their freedom from
pain, and any number of other facets of health and well-being that are
referred to as domains, one can summarize their overall health status.
Instruments designed to measure these domains are called health status
instruments. A large number of health status instruments exist, both
general instruments such as the SF-36 (30), as well as instruments that are
specific to particular disease states, such as the Roland scale for back pain.
These various scales enable the quantification of health benefit. For
example, Jarvik and colleagues (31) found no significant difference in the
Roland score between patients randomized to MRI versus radiography for
low back pain, suggesting that MRI was not worth the additional cost.
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Assessment of Cost: All forms of economic analysis require assessment of
cost. However, assessment of cost in medical care can be confusing, as the
term cost is used to refer to many different things. The use of charges for
any sort of cost estimation however, is inappropriate. Charges are arbitrary
and have no meaningful use. Reimbursements, derived from Medicare and
other fee schedules, are useful as an estimation of the amounts society pays
for particular health care interventions. For an analysis taken from the soci-
etal perspective, such reimbursements may be most appropriate. For analy-
ses from the institutional perspective or in situations where there are no
meaningful Medicare reimbursements, assessment of actual direct and
overhead costs may be appropriate (32).

Direct cost assessment centers on the determination of the resources that
are consumed in the process of performing a given imaging study, includ-
ing fixed costs such as equipment, and variable costs such as labor and
supplies. Cost analysis often utilizes activity-based costing and time
motion studies to determine the resources consumed for a single inter-
vention in the context of the complex health care delivery system. Over-
head, or indirect cost, assessment includes the costs of buildings, overall
administration, taxes, and maintenance that cannot be easily assigned to
one particular imaging study. Institutional cost accounting systems may be
used to determine both the direct costs of an imaging study and the
amount of institutional overhead costs that should be apportioned to that
particular test. For example, Medina and colleagues (33) in a vesicoureteral
reflux imaging study in children with urinary tract infection found a
significant difference (p < .0001) between the mean total direct cost of
voiding cystourethrography ($112.7 + $10.33) and radionuclide cystogra-
phy ($64.58 + $1.91).

E. Summarizing the Data

The results of the EBI process are a summary of the literature on the topic,
both quantitative and qualitative. Quantitative analysis involves at
minimum, a descriptive summary of the data, and may include formal
meta-analysis where there is sufficient reliably acquired data. Qualitative
analysis requires an understanding of error, bias, and the subtleties of
experimental design that can affect the reliability of study results. Quali-
tative assessment of the literature is covered in detail in Chapter 2; this
section focuses on meta-analysis and the quantitative summary of data.

The goal of the EBI process is to produce a single summary of all of the
data on a particular clinically relevant question. However, the underlying
investigations on a particular topic may be too dissimilar in methods or
study populations to allow for a simple summary. In such cases, the user
of the EBI approach may have to rely on the single study that most closely
resembles the clinical subjects upon whom the results are to be applied, or
may be able only to reliably estimate a range of possible values for the data.

Often, there is abundant information available to answer an EBI ques-
tion. Multiple studies may be identified that provide methodologically
sound data. Therefore, some method must be used to combine the results
of these studies in a summary statement. Meta-analysis is the method of
combining results of multiple studies in a statistically valid manner to
determine a summary measure of accuracy or effectiveness (34,35). For
diagnostic studies, the summary estimate is generally a summary sensi-
tivity and specificity, or a summary ROC curve.

11
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The process of performing meta-analysis parallels that of performing
primary research. However, instead of individual subjects, the meta-
analysis is based on individual studies of a particular question. The process
of selecting the studies for a meta-analysis is as important as unbiased
selection of subjects for a primary investigation. Identification of studies
for meta-analysis employs the same type of process as that for EBI
described above, employing Medline and other literature search engines.
Critical information from each of the selected studies is then abstracted
usually by more than one investigator. For a meta-analysis of a diagnostic
accuracy study, the numbers of true positives, false positives, true nega-
tives, and false negatives would be determined for each of the eligible
research publications. The results of a meta-analysis are derived not just
by simply pooling the results of the individual studies, but instead by con-
sidering each individual study as a data point and determining a summary
estimate for accuracy based on each of these individual investigations.
There are sophisticated statistical methods of combining such results (36).

Like all research, the value of a meta-analysis is directly dependent on
the validity of each of the data points. In other words, the quality of the
meta-analysis can only be as good as the quality of the research studies
that the meta-analysis summarizes. In general, meta-analysis cannot com-
pensate for selection and other biases in primary data. If the studies
included in a meta-analysis are different in some way, or are subject to
some bias, then the results may be too heterogeneous to combine in a single
summary measure. Exploration for such heterogeneity is an important
component of meta-analysis.

The ideal for EBI is that all practice be based on the information from
one or more well performed meta-analyses. However, there is often too
little data or too much heterogeneity to support formal meta-analysis.

F. Applying the Evidence

The final step in the EBI process is to apply the summary results of the
medical literature to the EBI question. Sometimes the answer to an EBI
question is a simple yes or no, as for this question: Does a normal clinical
exam exclude unstable cervical spine fracture in patients with minor
trauma? Commonly, the answers to EBI questions are expressed as some
measure of accuracy. For example, how good is CT for detecting appen-
dicitis? The answer is that CT has an approximate sensitivity of 94% and
specificity of 95% (37). However, to guide practice, EBI must be able to
answer questions that go beyond simple accuracy, for example: Should CT
scan then be used for appendicitis? To answer this question it is useful to
divide the types of literature studies into a hierarchical framework (38) (Table
1.4). At the foundation in this hierarchy is assessment of technical efficacy:
studies that are designed to determine if a particular proposed imaging
method or application has the underlying ability to produce an image that
contains useful information. Information for technical efficacy would
include signal-to-noise ratios, image resolution, and freedom from arti-
facts. The second step in this hierarchy is to determine if the image pre-
dicts the truth. This is the accuracy of an imaging study and is generally
studied by comparing the test results to a reference standard and defining
the sensitivity and the specificity of the imaging test. The third step is to
incorporate the physician into the evaluation of the imaging intervention
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Table 1.4. Imaging Effectiveness Hierarchy

Technical efficacy: production of an image or information
Measures: signal-to-noise ratio, resolution, absence of artifacts
Accuracy efficacy: ability of test to differentiate between disease and
nondisease
Measures: sensitivity, specificity, receiver operator characteristic curves
Diagnostic-thinking efficacy: impact of test on likelihood of diagnosis in a
patient
Measures: pre- and posttest probability, diagnostic certainty

Treatment efficacy: potential of test to change therapy for a patient
Measures: treatment plan, operative or medical treatment frequency
Outcome efficacy: effect of use of test on patient health
Measures: mortality, quality adjusted life years, health status
Societal efficacy: appropriateness of test from perspective of society
Measures: cost-effectiveness analysis, cost-utility analysis
Source: Adapted from Fryback and Thornbury (38).

by evaluating the effect of the use of the particular imaging intervention
on physician certainty of a given diagnosis (physician decision making)
and on the actual management of the patient (therapeutic efficacy). Finally,
to be of value to the patient, an imaging procedure must not only affect
management but also improve outcome. Patient outcome efficacy is the deter-
mination of the effect of a given imaging intervention on the length and
quality of life of a patient. A final efficacy level is that of society, which
examines the question of not simply the health of a single patient, but that
of the health of society as a whole, encompassing the effect of a given inter-
vention on all patients and including the concepts of cost and cost-
effectiveness (38).

Some additional research studies in imaging, such as clinical prediction
rules, do not fit readily into this hierarchy. Clinical prediction rules are used
to define a population in whom imaging is appropriate or can safely be
avoided. Clinical prediction rules can also be used in combination with
CEA as a way of deciding between competing imaging strategies (39).

Ideally, information would be available to address the effectiveness of a
diagnostic test on all levels of the hierarchy. Commonly in imaging,
however, the only reliable information that is available is that of diagnos-
tic accuracy. It is incumbent upon the user of the imaging literature to
determine if a test with a given sensitivity and specificity is appropriate
for use in a given clinical situation. To address this issue, the concept of
Bayes’ theorem is critical. Bayes’ theorem is based on the concept that the
value of the diagnostic tests depends not only on the characteristics of the
test (sensitivity and specificity), but also on the prevalence (pretest proba-
bility) of the disease in the test population. As the prevalence of a specific
disease decreases, it becomes less likely that someone with a positive test
will actually have the disease, and more likely that the positive test result
is a false positive. The relationship between the sensitivity and specificity
of the test and the prevalence (pretest probability), can be expressed
through the use of Bayes’ theorem (see Appendix 2) (10,13) and the likeli-
hood ratio. The positive likelihood ratio (PLR) estimates the likelihood that
a positive test result will raise or lower the pretest probability, resulting in
estimation of the posttest probability [where PLR = sensitivity /(1 — speci-
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ficity)]. The negative likelihood ratio (NLR) estimates the likelihood that a
negative test result will raise or lower the pretest probability, resulting in
estimation of the posttest probability [where NLR = (1 - sensitivity) /speci-
ficity] (40). The likelihood ratio (LR) is not a probability but a ratio of prob-
abilities and as such is not intuitively interpretable. The positive predictive
value (PPV) refers to the probability that a person with a positive test result
actually has the disease. The negative predictive value (NPV) is the prob-
ability that a person with a negative test result does not have the disease.
Since the predictive value is determined once the test results are known
(i.e., sensitivity and specificity), it actually represents a posttest probabil-
ity; hence, the posttest probability is determined by both the prevalence
(pretest probability) and the test information (i.e., sensitivity and speci-
ficity). Thus, the predictive values are affected by the prevalence of disease
in the study population.

A practical understanding of this concept is shown in examples 1 and 2
in Appendix 2. The example shows an increase in the PPV from 0.67 to 0.98
when the prevalence of carotid artery disease is increased from 0.16 to 0.82.
Note that the sensitivity and specificity of 0.83 and 0.92, respectively,
remain unchanged. If the test information is kept constant (same sensitiv-
ity and specificity), the pretest probability (prevalence) affects the posttest
probability (predictive value) results.

The concept of diagnostic performance discussed above can be summa-
rized by incorporating the data from Appendix 2 into a nomogram for
interpreting diagnostic test results (Fig. 1.3). For example, two patients
present to the emergency department complaining of left-sided weakness.
The treating physician wants to determine if they have a stroke from
carotid artery disease. The first patient is an 8-year-old boy complaining of
chronic left-sided weakness. Because of the patient’s young age and
chronic history, he was determined clinically to be in a low-risk category
for carotid artery disease—induced stroke and hence with a low pretest
probability of 0.05 (5%). Conversely, the second patient is 65 years old and
is complaining of acute onset of severe left-sided weakness. Because of the
patients older age and acute history, he was determined clinically to be in
a high-risk category for carotid artery disease-induced stroke and hence
with a high pretest probability of 0.70 (70%). The available diagnostic
imaging test was unenhanced head and neck CT followed by CT angiog-
raphy. According to the radiologist’s available literature, the sensitivity and
specificity of these tests for carotid artery disease and stroke were each
0.90. The positive likelihood ratio (sensitivity/1 — specificity) calculation
derived by the radiologist was 0.90/(1 — 0.90) = 9. The posttest probability
for the 8-year-old patient is therefore 30% based on a pretest probability of
0.05 and a likelihood ratio of 9 (Fig. 1.3, dashed line A). Conversely, the
posttest probability for the 65-year-old patient is greater than 0.95 based
on a pretest probability of 0.70 and a positive likelihood ratio of 9 (Fig. 1.3,
dashed line B). Clinicians and radiologists can use this scale to understand
the probability of disease in different risk groups and for imaging studies
with different diagnostic performance.

Jaeschke et al. (40) have proposed a rule of thumb regarding the inter-
pretation of the LR. For PLR, tests with values greater than 10 have a large
difference between pretest and posttest probability with conclusive diag-
nostic impact; values of 5 to 10 have a moderate difference in test proba-
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bilities and moderate diagnostic impact; values of 2 to 5 have a small dif-
ference in test probabilities and sometimes an important diagnostic impact;
and values less than 2 have a small difference in test probabilities and
seldom important diagnostic impact. For NLR, tests with values less than
0.1 have a large difference between pretest and posttest probability with
conclusive diagnostic impact; values of 0.1 and less than 0.2 have a mod-
erate difference in test probabilities and moderate diagnostic impact;
values of 0.2 and less than 0.5 have a small difference in test probabilities
and sometimes an important diagnostic impact; and values of 0.5 to 1 have
small difference in test probabilities and seldom important diagnostic
impact.

The role of the clinical guidelines is to increase the pretest probability by
adequately distinguishing low-risk from high-risk groups. The role of
imaging guidelines is to increase the likelihood ratio by recommending the
diagnostic test with the highest sensitivity and specificity. Comprehensive
use of clinical and imaging guidelines will improve the posttest probabil-
ity, hence, increasing the diagnostic outcome (9).
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II1. How to Use This Book

As these examples illustrate, the EBI process can be lengthy. The literature
is overwhelming in scope and somewhat frustrating in methodologic
quality. The process of summarizing data can be challenging to the clini-
cian not skilled in meta-analysis. The time demands on busy practitioners
can limit their appropriate use of the EBI approach. This book can obviate
these challenges in the use of EBI and make the EBI accessible to all imagers
and users of medical imaging.

This book is organized by major diseases and injuries. In the table of con-
tents within each chapter you will find a series of EBI issues provided as
clinically relevant questions. Readers can quickly find the relevant clinical
question and receive guidance as to the appropriate recommendation
based on the literature. Where appropriate, these questions are further
broken down by age, gender, or other clinically important circumstances.
Following the chapter’s table of contents is a summary of the key points
determined from the critical literature review that forms the basis of EBI.
Sections on pathophysiology, epidemiology, and cost are next, followed by
the goals of imaging and the search methodology. The chapter is then
broken down into the clinical issues. Discussion of each issue begins with
a brief summary of the literature, including a quantification of the strength
of the evidence, and then continues with detailed examination of the sup-
porting evidence. At the end of the chapter, the reader will find the take-
home tables and imaging case studies, which highlight key imaging
recommendations and their supporting evidence. Finally, questions are
included where further research is necessary to understand the role of
imaging for each of the topics discussed.

Acknowledgment: We appreciate the contribution of Ruth Carlos, MD, MS,
to the discussion of likelihood ratios in this chapter.

Take-Home Appendix 1: Equations

Nomenclature for two-way table (diagnostic testing)

Test Result Present Outcome Absent
Positive a (TP) b (FP)
Negative ¢ (FN) d (TN)
a. Sensitivity a/a+o¢)

b. Specificity d/(b + d)

c. Prevalence @+cd/@+b+c+d)

d. Accuracy @+d/@+b+c+d)

e. Positive predictive value* a/(a+Db)

f. Negative predictive value* d/(c+d)

g. 95% confidence interval (CI) p £ 1.96 square root (p(1 — p)/n)

p = proportion
n = number of subjects
h. Likelihood ratio Sensitivity/(1 — specificity) =
a(b + d)/[b(a + o]

* Only correct if the prevalence of the outcome is estimated from a random sample or based
on an a priori estimate of prevalence in the general population; otherwise, use of Bayes’ theorem
must be used to calculate PPV and NPV. TP, true positive; FP, false positive; FN, false nega-
tive; TN, true negative.
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Take-Home Appendix 2: Summary of Bayes” Theorem

A. Information before Test X Information from Test = Information after Test

B. Pretest Probability (Prevalence) x Sensitivity /1 — Specificity = Posttest

Probability (Predictive Value)

Information from the test also known as the likelihood ratio, described

by the Equation: Sensitivity /1 — Specificity

. Examples 1 and 2
Predictive values: The predictive values (posttest probability) change
according to the differences in prevalence (pretest probability), although
the diagnostic performance of the test (i.e., sensitivity and specificity) is
unchanged. The following examples illustrate how the prevalence
(pretest probability) can affect the predictive values (posttest probabil-
ity) having the same information in two different study groups.

o 0

Example 1: low prevalence of carotid artery disease

Disease No disease

(Carotid artery (no carotid

disease) artery disease) Total
Test positive (positive CTA) 20 10 30
Test negative (negative CTA) 4 120 124
Total 24 130 154

Results: sensitivity = 20/24 = 0.83; specificity = 120/130 = 0.92; prevalence = 24 /154 = 0.16; pos-
itive predictive value = 0.67; negative predictive value = 0.98.

Example 2: high prevalence of carotid artery disease

Disease No disease

(Carotid artery (no carotid

disease) artery disease) Total
Test positive (positive CTA) 500 10 510
Test negative (negative CTA) 100 120 220
Total 600 130 730

Results: sensitivity = 500/600 = 0.83; specificity = 120/130 = 0.92; prevalence = 600/730 = 0.82;
positive predictive value = 0.98; negative predictive value = 0.55.

Equations for calculating the results in the previous examples are listed in
Appendix 1. As the prevalence of carotid artery disease increases from 0.16
(low) to 0.82 (high), the positive predictive value (PPV) of a positive con-
trast-enhanced CT increases from 0.67 to 0.98, respectively. The sensitivity
and specificity remain unchanged at 0.83 and 0.92, respectively. These
examples also illustrate that the diagnostic performance of the test (i.e.,
sensitivity and specificity) do not depend on the prevalence (pretest prob-
ability) of the disease. CTA, CT angiogram.
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Critically Assessing the Literature:
Understanding Error and Bias

C. Craig Blackmore, L. Santiago Medina, James G. Ravenel, and Gerard A. Silvestri

I. What are error and bias? Issues
II. What is random error?
A. Type I error
B. Confidence intervals
C. Type II error
D. Power analysis
III. What is bias?
IV. What are the inherent biases in screening?
V. Qualitative literature summary

The keystone of the evidence-based imaging (EBI) approach is to critically
assess the research data that are provided and to determine if the infor-
mation is appropriate for use in answering the EBI question. Unfortunately,
the published studies are often limited by bias, small sample size, and
methodological inadequacy. Further, the information provided in pub-
lished reports may be insufficient to allow estimation of the quality of the
research. Two recent initiatives, the CONSORT (1) and STARD (2), aim to
improve the reporting of clinical trials and studies of diagnostic accuracy,
respectively. However, these guidelines are only now being implemented.

This chapter summarizes the common sources of error and bias in the
imaging literature. Using the EBI approach requires an understanding of
these issues.

I. What Are Error and Bias?

Errors in the medical literature can be divided into two main types. Random
error occurs due to chance variation, causing a sample to be different from
the underlying population. Random error is more likely to be problematic
when the sample size is small. Systematic error, or bias, is an incorrect study
result due to nonrandom distortion of the data. Systematic error is not
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High Random Error Low Random Error Systematic Error
Low Sample Size High Sample Size

Figure 2.1. Random and systematic error. Using the bull’s-eye analogy, the larger the sample size, the less
the random error and the larger the chance of hitting the center of the target. In systematic error, regardless
of the sample size, the bias would not allow the researcher to hit the center of the target.

affected by sample size, but rather is a function of flaws in the study design,
data collection, or analysis. A second way to think about random and sys-
tematic error is in terms of precision and accuracy (3). Random error affects
the precision of a result (Fig. 2.1). The larger the sample size, the more
precision in the results and the more likely that two samples from truly
different populations will be differentiated from each other. Using the
bull’s-eye analogy, the larger the sample size, the less the random error and
the larger the chance of hitting the center of the target (Fig. 2.1). System-
atic error, on the other hand, is a distortion in the accuracy of an estimate.
Regardless of precision, the underlying estimate is flawed by some aspect
of the research procedure. Using the bull’s-eye analogy, in systematic error
regardless of the sample size the bias would not allow the researcher to hit
the center of the target (Fig. 2.1).

II. What Is Random Error?

Random error is divided into two main types: Type I, or alpha error, is
when the investigator concludes that an effect or difference is present when
in fact there is no true difference. Type II, or beta error, occurs when an
investigator concludes that there is no effect or no difference when in fact
a true difference exists in the underlying population (3). Quantification of
the likelihood of alpha error is provided by the familiar p value. A p value
of less than .05 indicates that there is a less than 5% chance that the
observed difference in a sample would be seen if there was in fact no true
difference in the population. In effect, the difference observed in a sample
is due to chance variation rather than a true underlying difference in the
population.

A. Type I Error

There are limitations to the ubiquitous p values seen in imaging research
reports (4). The p values are a function of both sample size and magnitude
of effect. In other words, there could be a very large difference between
two groups under study, but the p value might not be significant if the
sample sizes are small. Conversely, there could be a very small, clinically
unimportant difference between two groups of subjects or between two
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imaging tests, but with a large enough sample size even this clinically
unimportant result would be statistically significant. Because of these
limitations, many journals are underemphasizing the use of p values
and encouraging research results to be reported by way of confidence
intervals.

B. Confidence Intervals

Confidence intervals are preferred because they provide much more infor-
mation than p values. Confidence intervals provide information about the
precision of an estimate (how wide are the confidence intervals), the size
of an estimate (magnitude of the confidence intervals), and the statistical
significance of an estimate (whether the intervals include the null) (5).

If you assume that your sample was randomly selected from some pop-
ulation (that follows a normal distribution), you can be 95% certain that
the confidence interval (CI) includes the population mean. More precisely,
if you generate many 95% Cls from many data sets, you can expect that
the CI will include the true population mean in 95% of the cases and not
include the true mean value in the other 5% (4). Therefore, the 95% CI is
related to statistical significance at the p = .05 level, which means that the
interval itself can be used to determine if an estimated change is statisti-
cally significant at the .05 level (6). Whereas the p value is often interpreted
as being either statistically significant or not, the CI, by providing a range
of values, allows the reader to interpret the implications of the results at
either end (6,7). In addition, while p values have no units, Cls are presented
in the units of the variable of interest, which helps readers to interpret the
results. The ClIs shift the interpretation from a qualitative judgment about
the role of chance to a quantitative estimation of the biologic measure of
effect (4,6,7).

Confidence intervals can be constructed for any desired level of confi-
dence. There is nothing magical about the 95% that is traditionally used.
If greater confidence is needed, then the intervals have to be wider. Con-
sequently, 99% Cls are wider than 95%, and 90% Cls are narrower than
95%. Wider CIs are associated with greater confidence but less precision.
This is the trade-off (4).

As an example, two hypothetical transcranial circle of Willis vascular
ultrasound studies in patients with sickle cell disease describe mean peak
systolic velocities of 200 cm/sec associated with 70% of vascular diameter
stenosis and higher risk of stroke. Both articles reported the same standard
deviation (SD) of 50 cm/sec. However, one study had 50 subjects while the
other one had 500 subjects. At first glance, both studies appear to provide
similar information. However, the narrower confidence intervals for the
larger study reflect the greater precision, and indicate the value of the
larger sample size. For a smaller sample:

50

= + _—
95% CI 200_1.96(m)

95% CI =200+14 =186 -214
For a larger sample:
50 )

95% CI = 200 + 1.96(—
° V500
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95% CI =200 +4 =196-204

In the smaller series, the 95% CI was 186 to 214 cm/sec while in the larger
series the 95% CI was 196 to 204 cm/sec. Therefore, the larger series has a
narrower 95% CI (4).

C. Type II Error

The familiar p value does not provide information as to the probability of
a type II or beta error. A p value greater than .05 does not necessarily mean
that there is no difference in the underlying population. The size of the
sample studied may be too small to detect an important difference even if
such a difference does exist. The ability of a study to detect an important
difference, if that difference does in fact exist in the underlying population,
is called the power of a study. Power analysis can be performed in advance
of a research investigation to avoid type II error.

D. Power Analysis

Power analysis plays an important role in determining what an adequate
sample size is, so that meaningful results can be obtained (8). Power analy-
sis is the probability of observing an effect in a sample of patients if the
specified effect size, or greater, is found in the population (3). Mathemati-
cally, power is defined as 1 minus beta (1 — ), where B is the probability
of having a type II error. Type II errors are commonly referred to as false
negatives in a study population. The other type of error is type I or alpha
(o), also known as false positives in a study population (7). For example,
if B is set at 0.10, then the researchers acknowledge they are willing to
accept a 10% chance of missing a correlation between abnormal computed
tomography (CT) angiographic finding and the diagnosis of carotid artery
disease. This represents a power of 1 minus 0.10, or 0.90, which represents
a 90% probability of finding a correlation of this magnitude.

Ideally, the power should be 100% by setting B at 0. In addition, ideally
o should also be 0. By accomplishing this, false-negative and false-positive
results are eliminated, respectively. In practice, however, powers near 100%
are rarely achievable, so, at best, a study should reduce the false negatives
B and false positives o to a minimum (3,9). Achieving an acceptable reduc-
tion of false negatives and false positives requires a large subject sample
size. Optimal power, o and B, settings are based on a balance between sci-
entific rigorousness and the issues of feasibility and cost. For example,
assuming an o error of 0.10, your sample size increases from 96 to 118 sub-
jects per study arm (carotid and noncarotid artery disease arms) if you
change your desired power from 85% to 90% (10). Studies with more com-
plete reporting and better study design will often report the power of the
study, for example, by stating that the study has 90% power to detect a dif-
ference in sensitivity of 10% between CT angiography and Doppler ultra-
sound in carotid artery disease.

II1. What Is Bias?

The risk of an error from bias decreases as the rigorousness of the study
design and analysis increases. Randomized controlled trials are considered
the best design for minimizing the risk of bias because patients are ran-
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domly allocated. This random allocation allows for unbiased distribution
of both known and unknown confounding variables between the study
groups. In nonrandomized studies, appropriate study design and statisti-
cal analysis can only control for known or measurable bias.

Detection of and correction for bias, or systematic error, in research is a
vexing challenge for both researchers and users of the medical literature
alike. Maclure and Schneeweiss (11) have identified 10 different levels at
which biases can distort the relationship between published study results
and truth. Unfortunately, bias is common in published reports (12), and
reports with identifiable biases often overestimate the accuracy of diag-
nostic tests (13). Careful surveillance for each of these individual bias
phenomena is critical, but may be a challenge. Different study designs
also are susceptible to different types of bias, as will be discussed below.
Well-reported studies often include a section on limitations of the work,
spelling out the potential sources of bias that the investigator acknowl-
edges from a study as well as the likely direction of the bias and steps that
may have been taken to overcome it. However, the final determination of
whether a research study is sufficiently distorted by bias to be unusable is
left to the discretion of the user of the imaging literature. The imaging
practitioner must determine if results of a particular study are true, are
relevant to a given clinical question, and are sufficient as a basis to change
practice.

A common bias encountered in imaging research is that of selection bias
(14). Because a research study cannot include all individuals in the world
who have a particular clinical situation, research is conducted on samples.
Selection bias can arise if the sample is not a true representation of the rel-
evant underlying clinical population (Fig. 2.2). Numerous subtypes of
selection bias have been identified, and it is a challenge to the researcher
to avoid all of these biases when performing a study. One particularly
severe form of selection bias occurs if the diagnostic test is applied to sub-
jects with a spectrum of disease that differs from the clinically relevant
group. The extreme form of this spectrum bias occurs when the diagnos-
tic test is evaluated on subjects with severe disease and on normal controls.
In an evaluation of the effect of bias on study results, Lijmer et al. (13)
found the greatest overestimation of test accuracy with this type of spec-
trum bias.

A second frequently encountered bias in imaging literature is that of
observer bias (15,16), also called test-review bias and diagnostic-review bias
(17). Imaging tests are largely subjective. The radiologist interpreting an
imaging study forms an impression based on the appearance of the image,
not based on an objective number or measurement. This subjective impres-
sion can be biased by numerous factors including the radiologist’s experi-
ence; the context of the interpretation (clinical vs. research setting); the
information about the patient’s history that is known by the radiologist;
incentives that the radiologist may have, both monetary and otherwise, to
produce a particular report; and the memory of a recent experience. But
because of all these factors, it is critical that the interpreting physician be
blinded to the outcome or gold standard when a diagnostic test or inter-
vention is being assessed. Important distortions in research results have
been found when observers are not blinded vs. blinded. For example,
Schulz et al. (18) showed a 17% greater outcome improvement in studies
with unblinded assessment of outcomes versus those with blinded assess-
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Figure 2.2. Population and sample. The target population represents the universe
of subjects who are at risk for a particular disease or condition. In this example, all
subjects with abdominal pain are at risk for appendicitis. The sample population is
the group of eligible subjects available to the investigators. These may be at a single
center, or group of centers. The sample is the group of subjects who are actually
studied. Selection bias occurs when the sample is not truly representative of the
study population. How closely the study population reflects the target population
determines the generalizability of the research. Finally, statistics are used to deter-
mine what inference about the target population can be drawn from the sample
data.

ment. To obtain objective scientific assessment of an imaging test, all
readers should be blinded to other diagnostic tests and final diagnosis, and
all patient-identifying marks on the test should be masked.

Bias can also be introduced by the reference standard used to confirm the
final diagnosis. First, the interpretation of the reference standard must be
made without knowledge of the test results. Reference standards, like the
diagnostic tests themselves, may have a subjective component, and there-
fore may be affected by knowledge of the results of the diagnostic test. In
addition, it is critical that all subjects undergo the same reference standard.
The use of different reference standards (called differential reference stan-
dard bias) for subjects with different diagnostic test results may falsely
elevate both sensitivity and specificity (13,16). Of course, sometimes it is
not possible or ethical to perform the same reference standard procedure
on all subjects. For example, in a recent meta-analysis of imaging for
appendicitis, Terasawa et al. (19) found that all of the identified studies
used a different reference standard for subjects with positive imaging
(appendectomy and pathologic evaluation) than for those with negative
imaging (clinical follow-up). It simply wouldn’t be ethical to perform
appendectomy on all subjects. Likely the sensitivity and specificity of
imaging for appendicitis was overestimated as a result.

IV. What Are the Inherent Biases in Screening?

Investigations of screening tests are susceptible to an additional set of
biases. Screening case-control trials are vulnerable to screening selection bias.
For example, lung cancer case-control studies have been performed in
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Japan where long-running tuberculosis control programs have been in
place. This allowed for analysis of those who were screened to be matched
with a database of matched unscreened controls to arrive at a relative
risk of dying from lung cancer in screened and unscreened populations.
Because screening is a choice in these studies, selection bias plays a
prominent role. That is, people who present for elective screening tend to
have better health habits (20). In assessing the exposure history of cases,
the inclusion of the test on which the diagnosis is made, regardless of
whether it is truly screen or symptom detected, can lead to an odds ratio
greater than 1 even in the absence of benefit (21). Similarly, excluding the
test on which the diagnosis is made may underestimate screening effec-
tiveness. The magnitude of bias is further reflected in the disease preclin-
ical phase; the longer the preclinical phase, the greater the magnitude of
the bias.

Prospective nonrandomized screening trials perform an intervention on
subjects, such as screening for lung cancer, and follow them for many
years. These studies can give information of the stage distribution and sur-
vival of a screened population; however, these measures do not allow an
accurate comparison to an unscreened group due to lead time, length time,
and overdiagnosis bias (22) (Fig. 2.3). Lead-time bias results from the earlier
detection of the disease, which leads to longer time from diagnosis and an
apparent survival advantage but does not truly impact the date of death.
Length-time bias relates to the virulence of tumors. More indolent tumors
will be more likely to be detected by screening, whereas aggressive tumors
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Figure 2.3. Screening biases. For this figure, cancers are assumed to grow at a con-
tinuous rate until they reach a size at which death of the subject occurs. At a small
size, the cancers may be evident on screening, but not yet evident clinically. This is
the preclinical screen detectable phase. Screening is potentially helpful if it detects
cancer in this phase. After further growth, the cancer will be clinically evident. Even
if the growth and outcome of the cancer is unaffected by screening, merely detect-
ing the cancer earlier will increase apparent survival. This is the screening lead time.
In addition, slower growing cancers (such as C) will exist in the preclinical screen
detectable phase for longer than faster growing cancers (such as B). Therefore,
screening is more likely to detect more indolent cancers, a phenomenon known as
length bias.
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are more likely to be detected by symptoms. This disproportionally assigns
more indolent disease to the intervention group and results in the appear-
ance of a benefit. Overdiagnosis is the most extreme form of length-time bias
in which a disease is detected and “cured”, but is so indolent it would
never have caused symptoms during life. Thus, survival alone is not an
appropriate measure of the effectiveness of screening (23).

For this reason a randomized controlled trial (RCT) with disease-specific
mortality as an end point is the preferred methodology. Randomization
should even out the selection process in both arms, eliminating the bias of
case-control studies and allow direct comparison of groups that underwent
the intervention and those that did not, to see if the intervention lowers
deaths due to the target disease. The disadvantage of the RCT is that it
takes many years and is expensive to perform. There are two biases that
can occur in RCTs and are important to understand: sticky diagnosis and
slippery linkage (24). Because the target disease is more likely to be detected
in a screened population, it is more likely to be listed as a cause of death,
even if not the true cause. As such, the diagnosis “sticks” and tends to
underestimate the true value of the test. On the other hand, screening may
set into motion a series of events in order to diagnose and treat the illness.
If these procedures remotely lead to mortality, such as a myocardial infarc-
tion during surgery with death several months later, the linkage of the
cause of death to the screening may no longer be obvious (slippery
linkage). Because the death is not appropriately assigned to the target
disease, the value of screening may be overestimated. For this reason, in
addition to disease-specific mortality, all-cause mortality should also be
evaluated in the context of screening trials (24). Ultimately, to show the
effectiveness of screening, not only do more early-stage cancers need to be
found in the screened group, but there must also be fewer late-stage
cancers (stage shift) (22).

V. Qualitative Literature Summary

The potential for error and bias makes the process of critically assessing a
journal article complex and challenging, and no investigation is perfect.
Producing an overall summation of the quality of a research report is dif-
ficult. However, there are grading schemes that provide a useful estima-
tion of the value of a research report for guiding clinical practice. The
method used in this book is derived from that of Kent et al. (25) and is
shown in Table 2.1. Use of such a grading scheme is by nature an over-
simplification. However, such simple guidelines can provide a useful quick
overview of the quality of a research report.

Conclusion

Critical analysis of a research publication can be a challenging task. The
reader must consider the potential for type I and type II random error,
as well as systematic error introduced by biases including selection
bias, observer bias, and reference standard bias. Screening includes an
additional set of challenges related to lead time, length bias, and
overdiagnosis.
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Table 2.1. Evidence classification for evaluation of a study

Level I: strong evidence

Studies with broad generalizability to most patients suspected of having the
disease of concern: a prospective, blinded comparison of a diagnostic test
result with a well-defined final diagnosis in an unbiased sample when
assessing diagnostic accuracy or blinded randomized control trials or when
assessing therapeutic impact or patient outcomes. Well-designed meta-analysis
based on level I or II studies.

Level II: moderate evidence

Prospective or retrospective studies with narrower spectrum of generalizability,
with only a few flaws that are well described so that their impact can be
assessed, but still requiring a blinded study of diagnostic accuracy on an
unbiased sample. This includes well-designed cohort or case-control studies,
and randomized trials for therapeutic effects or patient outcomes.

Level III: limited evidence

Diagnostic accuracy studies with several flaws in research methods, small
sample sizes, or incomplete reporting, or nonrandomized comparisons for
therapeutic impact or patient outcomes.

Level IV: insufficient evidence
Studies with multiple flaws in research methods, case series, descriptive
studies, or expert opinions without substantiating data.
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= Prospective randomized controlled trials have demonstrated reduced
breast cancer mortality of approximately 30% associated with mam-
mography screening (strong evidence).
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Evaluations of mammography screening in community settings have
shown greater mortality reductions associated with participating in
screening (moderate evidence).

Women aged 40 to 54 should be screened at intervals of 12 to 18
months in order to achieve similar mortality reductions compared
with women 55 years of age and older due to faster tumor growth in
younger women (moderate evidence).

Ultrasound

Data from single center studies of screening ultrasound suggest that
it has a detection benefit as a supplement to screening mammogra-
phy in patients with dense (at least 50% of the breast is not fatty)
breast parenchyma (moderate evidence).

Reports from single-institution studies found a high percentage (91%)
of breast cancers identified on supplemental screening sonography
are stage I invasive cancers. Detecting this subset of breast cancers is
most likely to reduce breast cancer mortality (moderate evidence).
In patients with dense breast parenchyma, mammography and
sonography appear complementary in that ductal carcinoma in situ
(DCIS) is better depicted by mammography and small, <1 cm, inva-
sive breast cancers are better detected sonographically (moderate
evidence).

Women with dense breast parenchyma on mammography, contem-
plating a supplemental sonographic screening examination, should
consider the risk of a false-positive sonogram, possibly resulting in
the recommendation for a breast biopsy (moderate evidence).
Sonography is appropriate in the evaluation of palpable breast
masses (moderate evidence).

Sonography is appropriate in the evaluation of mammographically
circumscribed, obscured, or indistinctly marginated masses and focal
asymmetries (moderate evidence).

The combination of mammography and sonography depicts 96% to
97% of palpable breast cancer and 92% of nonpalpable breast cancer
(moderate evidence).

Sonography can help identify the invasive component of mixed inva-
sive and intraductal carcinoma and guide optimal percutaneous
biopsy (limited evidence).

Sonography is a useful supplement to mammography in depicting the
extent of invasive carcinoma in dense breasts (moderate evidence).
Sonography is useful in the evaluation of the patient with nipple dis-
charge (limited evidence).

Biopsy

Percutaneous image-guided breast biopsy is not indicated for non-
palpable lesions classified as BIRADS 3. For these lesions, short-term
interval follow-up, generally at 6-month intervals, is recommended
(strong evidence).

For BIRADS 4 and 5 lesions, image-guided percutaneous biopsy is
cost-effective as the initial strategy for diagnosing nonpalpable breast
lesions (strong evidence).
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Pathophysiology and Epidemiology

Breast cancer takes a tremendous toll in the United States. For 2004, the
American Cancer Society predicted that 217,440 new cases of breast cancer
would be diagnosed, and 40,580 individuals would die from the disease
(1). Mammographic screening remains controversial, as reflected in greatly
varying national policies. The specificity and positive predictive value of
mammography are limited because of overlap in the appearance of benign
and malignant breast lesions (2—4). However, until research uncovers a way
to better cure or prevent breast cancer, early detection is viewed as the best
hope for reducing the burden of this disease.

The risk of breast cancer increases with increasing age. A family history
of breast cancer confers a variable degree of increased risk. The Gail (5-8),
Claus (9), and other models have been developed to calculate a woman'’s
risk of breast cancer primarily as a function of age and family history. The
risk of developing breast cancer nearly doubles with a family history of
breast cancer in a first-degree relative (10). Women with a personal history
of breast cancer, and those with prior biopsies showing atypical ductal
hyperplasia (ADH) or atypical lobular hyperplasia (ALH), are at a four- to
fivefold increased risk of breast cancer (10). Women with prior lobular car-
cinoma in situ (LCIS) are also at high risk of breast cancer, with rates of eight-
to 10-fold those of women without such risk (11). Such high-risk women are
candidates for chemoprevention with agents such as tamoxifen. The
National Surgical Adjuvant Breast and Bowel Project (NSABP) P-1 chemo-
prevention trial demonstrated that tamoxifen lowered the rate of invasive
breast cancer by 49% in women at high risk (12).

Women with a history of prior axillary, chest, or mediastinal irradiation,
usually for Hodgkin’s disease, are another group at high risk of develop-
ing breast cancer. The relative risk of breast cancer is approximately
sevenfold in women irradiated at 20 to 30 years of age and as high as
56-fold if exposure was after puberty and before age 20 (13-15).

The perception of cancer on mammography requires a difference in
density compared to surrounding tissue, architectural distortion, or pres-
ence of microcalcifications. There are four grades of breast density: fatty
(<25% dense), minimal scattered fibroglandular densities (25% to 50%
dense), heterogeneously dense (51% to 75% dense), and extremely dense
(>75% dense) (16). Identification of a mass against a background of equally
dense tissue is problematic. In heterogeneously dense and extremely dense
breasts, the sensitivity of mammography in several series is under 50%
(17-19). Methods to supplement mammography, such as screening breast
ultrasound, are being sought in women with dense breasts (>50% dense),
and especially those women with higher rates of breast cancer (e.g., high-
risk women) with dense breasts.

Ultrasound uses sound waves to penetrate tissue. Differences in the time
to reflect the echo back to the transducer are used to create the image. With
current high-frequency linear array transducers with a center frequency of
10 to 12 MHz, detailed images are produced at tissue depths of 0.2 to 4 cm,
with lateral resolution (in effect, slice thickness) of 1 mm or less. The per-
formance of ultrasound in dense breast tissue is equivalent (20) or supe-
rior to its performance in fatty breasts.

Biopsy remains the definitive method of confirming the diagnosis of
breast cancer, and physicians perform millions of breast biopsies each year.
Selecting the most appropriate method of biopsy for each patient has dis-



Chapter 3 Breast Imaging

tinct health and economic benefits. Approximately 75% (range 65-86%) of
breast abnormalities detected at mammography and referred for biopsy ulti-
mately prove benign histopathologically (2,21-26). The fact that most breast
biopsies are benign necessitates that the method of diagnosis be minimally
invasive, have the best possible cosmetic outcome, and have high accuracy.

Overall Cost to Society

The cost of breast cancer to society can never fully be estimated because
there are so many dimensions for which measurement in economic and
social terms is indefinable. Nonetheless, a common approach to measur-
ing the economic dimension of disease burden is cost-of-illness (COI)
methodology, which encompasses direct costs (costs associated with pro-
cedures, therapy, and care), morbidity costs (work-related costs associated
with disability and absenteeism), and mortality costs (lost income, includ-
ing the value of household work, due to premature death) (27). Based on
previous estimates of the proportion of the direct costs of cancer attribut-
able to breast cancer (27) and current estimates from the National Heart
Lung and Blood Institute for the direct costs of all neoplasms (28), in 2004
direct costs of breast cancer were approximately $9.85 billion. This estimate
does not include the costs of oral medications, such as tamoxifen, which
in 1995 were estimated to be $400 million per year (27), or the annual cost
of screening and diagnostic evaluations of women. Since there are no
current indirect cost estimates by cancer site, if we assume that indirect
costs as a percentage of COI in 2004 are the same for all cancers, then in
2004 the indirect cost of breast cancer was $26.94 billion, for a total COI of
approximately $37 billion. The COI for all cancers in 2004 was estimated
to be $198.8 billion (28).

Goals

The next section of this chapter is a summary of the evidence supporting
the use of mammography to screen for breast cancer. The following section
is a compilation of the evidence regarding the use of ultrasound in imaging
the breast. Available evidence on the use of ultrasound in a variety of clin-
ical scenarios, including screening, is analyzed and is used to present cri-
teria that physicians can apply to individual patients. The final section is a
compilation of the evidence regarding the selection of the method of breast
biopsy for patients who have a suspicious nonpalpable breast lesion that
should be biopsied. The evidence analyzed addresses nonpalpable lesions
only and is used to present criteria that physicians can apply to these
individual patients. By incorporating the evidence into clinical decision
making, practitioners can develop personal or organizational guidelines
that will assist in choosing the biopsy method that is best for each patient.

Methodology

Medline searches were performed using PubMed (National Library of
Medicine, Bethesda, Maryland) for original research publications dis-
cussing the diagnostic performance and effectiveness of mammography,
breast ultrasound, and imaging-guided percutaneous biopsy of nonpalpa-
ble breast lesions. The searches covered the years 1980 to 2004 (1997 to 2004
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for mammography, 1980 to 2004 for breast ultrasound, and 1980 to 2002
for breast biopsy) and were limited to human studies and the English-
language literature. The search strategies employed different combinations
of the following terms: (1) breast biopsy, (2) stereotactic OR ultrasound OR
imaging guided, (3) nonpalpable breast lesion, (4) mammography, (5) ultrasound
OR sonography AND breast, (6) breast screening, (7) breast screening guidelines,
(8) harms and anxiety, and (9) cost-effectiveness. Additional articles were iden-
tified by reviewing the reference lists of relevant papers and by including
recently published studies not yet indexed in Medline. The authors per-
formed an initial review of the titles and abstracts of the identified articles
followed by review of the full text in articles that were relevant.

I. How Effective Is Mammographic Screening?

Summary of Evidence: The fundamental goal of mammographic screening
is to reduce the incidence rate of advanced breast cancer by detecting the
disease early in its natural history (29). There is strong evidence for the
benefit of mammography from a series of prospective randomized con-
trolled trials (RCT) and meta-analyses (30-34) and moderate evidence of
benefit from institutional-based case series studies (35) and recent evalua-
tions of population-based service screening (36,37). Results from individ-
ual trials showed significant mortality reductions ranging from 22% to 32%
(38). A smaller level of benefit is observed in meta-analysis results that
combine all trials, due to variability in end results (38,39). Results from
service screening with modern mammography have shown greater mor-
tality reductions (40-50%) among women who participate in regular
screening (37,40).

Supporting Evidence: There have been eight prospective RCTs of breast
cancer screening. As can be seen in Table 3.1, the first of these studies, the
Health Insurance Plan (HIP) of Greater New York Study, was initiated in the
early 1960s, while the most recent RCTs were initiated in Canada in 1980
(31,34,41-50). Each RCT followed a somewhat different protocol, and the
outcome in each has been influenced by a number of design and protocol
factors that have important implications for the interpretation of study end
results. These factors include the study methodology, the clinical protocol,
adherence to the randomization assignment (compliance and contamina-
tion), and the number of screening rounds before an invitation was extended
to the control group. Other factors that likely influenced end results include
the quality of the screening process, thresholds for diagnosis, and follow-
up mechanisms for women with an abnormality. Individual RCT results and
meta-analysis results should be interpreted in the context of study method-
ology to demonstrate efficacy rather than a measure of the potential effec-
tiveness of mammography, since the classic intention-to-treat analysis
compares breast cancer mortality in a group invited to screening with breast
cancer mortality in a group receiving usual care rather than a screened vs.
unscreened group. Moreover, variability in RCT outcomes is consistent with
the performance of each study’s success at reducing the risk of being diag-
nosed with an advanced breast cancer compared with the control group.
Specifically, those RCTs that significantly reduced the risk of being diag-
nosed with a node-positive breast cancer showed similar reductions in the
risk of breast cancer death in the group invited to screening (38,51).



Table 3.1. The randomized controlled trials of breast cancer screening

Study Screening protocol Frequency Study population Years of RR
(duration) Invited vs. control group No. rounds Age Subgroup Invited Control follow-up (95% CI)
HIP Study 2VMM + CBE! Annually 40-64 40-49 14,432 14,701 18 0.77
(1963-69) vs. usual care 4 rounds (0.52-1.13)
50-64 16,568 16,299 0.79
(0.58-1.08)
Edinburgh 1 or 2V MM + Initial CBE 24 months 45-64 45-49 11,755* 10,641* 13 0.75*
(1979-88) vs. usual care 4 rounds (0.48-1.18)
50-64 11,245 12,359 0.79
(0.60-1.02)
Two 1VMM 40-49: 40-74 40-49 9,650 5,009 20 0.93
County vs. usual care 24 months (0.63-1.37)
(1977-85) 50-69: 50-74 28,939 13,551 0.65
33 months (0.55-0.77)
4 rounds
Malmo 1or2VMM 18-24 45-69 45-49 13,528" 12,242¢ 16 0.70*
(1976-90) vs. usual care months (0.49-1.00)
5 rounds 50-69 17,134 17,165 0.83
(0.66-1.04)
Stockholm 1VMM 28 months 40-64 40-49 14,185 7,985 15 1.52
(1981-85) vs. usual care 2 rounds (0.8-2.88)
50-64 25,815 12,015 0.70
(0.46-1.07)
Gothenburg 1 or2VMM 18 months 39-59 39-49 11,724 14,217 18 0.65%
(1982-88) vs. usual care 5 rounds (0.40-1.05)
50-59 9,276 16,394 0.91
(0.61-1.36)
CNBSS -1 2VMM + CBE + BSE 12 months 40-49 40-49 25,214 25,216 12 0.97
(1980-87) vs. Initial CBE 4-5 rounds (0.78-1.33)
CNBSS-2 2VMM + CBE + BSE 12 months 50-59 50-59 19,711 19,694 12 1.02
(1980-87) vs. CBE + BSE 4-5 rounds (0.74-1.27)

! 1VMM (one-view mammography of each breast; 2VMM (two-view mammography of each breast); CBE (clinical breast examination); BSE (breast self-examination); CNBSS =
Canadian National Breast Screening Study.
* The Edinburgh trial included three separate groups of women 45-49 at entry: the first had 5,949 women in the invited group and 5,818 in the control group (with 14 years’ follow-
up); the next had 2,545 in the invited group and 2,482 in the control group (12 years’ follow-up); and the third had 3,261 in the invited group and 2,341 in the control group (10
years’ follow-up) (6). Only the first group’s results had been reported previously.
¥ The Malmo trial included two groups of women aged 45-49 at entry: one group (MMST-]) received first-round screening in 1977-8 and had 3,954 women in the invited group,
4,030 women in the control group; the second group (MMST-II) received first-round screening from 1978-90 and had 9,574 women in the invited group, 8,212 women in the control
group (2). Only the first group’s results had been reported previously.
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Over the years, there have been numerous studies reporting the results
from the individual RCTs and meta-analyses, although screening policy in
the United States began to take shape based on initial findings from the HIP
study. The trials now have a substantial amount of follow-up time ranging
from 12 to 20 years. In a recent overview of the RCTs, a meta-analysis of the
most current data showed an overall relative risk of breast cancer death
associated with an invitation to screening of 0.80 [95% confidence interval
(CD), 0.75-0.86], with corresponding relative risks of 0.85 (95% CI, 0.73-0.98)
for women randomized to an invitation between ages 39 and 49, and 0.78
(95% CI, 0.70-0.85) for women aged 50 years and older at the time of
randomization (38). These estimates are lower than some of the individual
RCTs, due to RCT variability, and considerably lower than mortality reduc-
tions observed in service screening, in large part due to measuring the
benefit of an invitation to screening rather than actually being screened.

The breast cancer RCT data have recently undergone several indepen-
dent reevaluations for the purpose of updating screening guidelines
(33,39,52), and several evidence-based reviews (42,53-56). A recent review
by the Cochrane Collaboration was sharply critical of the RCTs that had
shown a benefit from mammographic screening, and concluded that there
was insufficient evidence to recommend screening with mammography
(53). Representatives from the RCTs and others responded to these criti-
cisms and showed them to be either incorrect, inconsequential, or, if true,
previously and satisfactorily addressed by the authors in original publica-
tions (34,50,55,57-61). Although the RCTs of breast cancer screening had
some shortcomings, there is widespread agreement that they have pro-
vided solid and valid evidence regarding the efficacy of early breast cancer
detection with mammography (42).

As noted above, while the breast cancer screening RCTs demonstrated
the efficacy of screening, they provide a less clear measure of the effec-
tiveness of screening. There has been increasing interest in evaluating the
impact of screening in the community setting, also referred to as service
screening, and to measure the effectiveness of screening among women who
participate in screening. The evaluation of screening outside of research
studies poses a set of unique methodologic challenges, including identify-
ing when screening is introduced, the duration of time required to invite
the eligible population to screening, the rate of screening uptake in a pop-
ulation, and finally the importance of distinguishing between screened and
unscreened cohorts in mortality analysis since deaths resulting from cases
diagnosed before the introduction of screening may predominate for 10
years or longer (62). In three recent reports evaluating Swedish data, inves-
tigators were able to classify breast cancer cases before and after the intro-
duction to screening on the basis of exposure to screening in order to
measure the benefit of screening among those women who attended
screening (37,40,62). In a recent report that expanded an earlier analysis of
two Swedish counties to seven counties in the Uppsala region, Duffy and
colleagues (62) compared breast cancer mortality in the prescreening and
postscreening periods among women aged 40 to 69 in six counties, and 50
to 69 in one county. Overall, they observed a 44% mortality reduction in
women who actually underwent screening, and a 39% reduction in overall
breast cancer mortality after adjustment for selection bias, associated with
the policy of offering screening to the population. Greater breast cancer
mortality reductions were observed in those counties that had offered
screening longer than 10 years (-32%) compared with counties that had
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offered screening less than 10 years (-18%). Finally, in a separate analysis
the investigators examined the effectiveness of mammography based on
age at diagnosis, comparing mortality reductions in women diagnosed
between ages 40 and 49 with women diagnosed after age 50 (37). They
observed a 48% mortality reduction in women ages 40 to 49 at diagnosis
based on an 18-month screening interval, and a 44% mortality reduction
in women aged 50 to 69 at diagnosis based on a 24-month screening inter-
val. These data demonstrate that organized screening with high rates of
attendance in a setting that achieves a high degree of programmatic quality
assurance can achieve breast cancer mortality reductions equal to or
greater than observed in the randomized trials.

II. Who Should Undergo Screening?

Summary of Evidence: It is generally accepted that women should begin
regular screening mammography in their 40s, and continue regular screen-
ing as long as they are in good health (39,52).

Supporting Evidence: There is widespread acceptance of the value of regular
breast cancer screening with mammography as the single most important
public health strategy to reduce mortality from breast cancer. For many
years, breast cancer screening in women aged 40 to 49 was controversial
based on the absence of a statistically significant mortality breast cancer
reduction compared with women aged 50+ (63—66). Further, the benefit that
was evident appeared much later in younger women, leading some to
argue that the appearance of benefit was attributable to cases diagnosed
after age 50 in the women who were randomized in their 40s (67). This
argument persisted despite contrary evidence (40), and the eventual obser-
vation of statistically significant mortality reductions for this age group in
two individual trials (Malmo II and Gothenburg) (44,47) and favorable
meta-analysis results (32). Further, Tabar and colleagues (68,69) showed
that the 24- to 33-month interval between screening exams in the Two
County Study had been sufficient to reduce the incidence rate of advanced
ductal grade 3 cancers in women aged 50+, but not in women aged 40 to
49. The appearance of a delayed benefit was due to the similar performance
of mammography in younger and older women to reduce breast cancer
deaths among women diagnosed with less aggressive tumors. These and
other findings showing higher interval cancer rates in younger women (70)
led the Swedish Board of Health and Welfare to set shorter screening inter-
vals for younger women (18 months) compared with older women (24
months). As noted above, when the screening interval is tailored to
women’s age, similar benefits are evident. Recent analysis of service
screening data also has shown similar mortality reductions in women aged
40 to 49 at diagnosis compared with women aged 50 years and older (37).

Setting an age to begin and end screening is admittedly arbitrary,
although the HIP investigators were led to include women in their 40s
because they observed that more than a third of all premature mortality
associated with breast cancer deaths was attributable to women diagnosed
between age 35 and 50 (30). This is less of an issue for guidelines today
than the fact that the evidence base from RCTs is for average-risk women
aged 39 and older. The American Cancer Society recommends that women
at higher risk for diagnosis of breast cancer at a younger age due to family
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history could begin screening as early as age 25 depending on their risk
profile, and also consider additional imaging modalities (52). An age at
which screening could be stopped, for instance age 70, based on risk or
potential benefit also has been proposed (71), although several observa-
tions argue against setting an specific age at which all women would no
longer be invited to screening. First, risk of developing and dying of breast
cancer is significant in older women. The age-specific incidence of breast
cancer rises until age 70 to 74, and then declines somewhat, but not below
the average risk of women aged 60 to 64 (72,73). Approximately 45% of
new breast cancer cases and deaths occur in women aged 65 and older
(1,46). Second, although tumor growth rate is slower (31), and breast
cancers tend to be less aggressive in older women (31,74), it is important
to emphasize that breast cancer is a potentially lethal disease at any age,
and these tumor characteristics combined with declining breast density
with age mean screening is somewhat less of a challenge in older women
compared with younger women. Third, although only one RCT included
women over age 69, observational studies have concluded that the effec-
tiveness and performance of mammography in women over age 70 is
equivalent to, if not better than, the screening of women under age 70
(75,76). Finally, although rates of significant comorbidity increase with
increasing age (77) and longevity declines, the average 70-year-old woman
is in good health with an average life expectancy to age 85 (78). Thus, a sig-
nificant percentage of the population of women age 70 and older have the
potential to still benefit from early breast cancer detection.

The American Cancer Society (ACS) recommends that chronological age
alone should not be the reason for the cessation of regular screening, but
rather screening decisions in older women should be individualized by
considering the potential benefits and risks of mammography in the
context of current health status and estimated life expectancy (52). If a
woman has severe functional limitations or comorbidities, with estimated
life expectancy of less than 3 to 5 years, it may be appropriate to consider
cessation of screening. However, if an older woman is in reasonably good
health and would tolerate treatment, she should continue to be screened
with mammography.

III. How Frequently Should Women Be Screened?

Summary of Evidence: Current guidelines for breast cancer screening rec-
ommend breast cancer screening intervals of either 1 year (52) or 1 to 2
years (39). Current evidence suggests that adherence to annual screening
has greater importance in premenopausal women compared with post-
menopausal women.

Supporting Evidence: Current recommendations for the interval between
screens are influenced by different approaches to evidence-based medicine.
Insofar as there has not been a trial directly comparing annual vs. biannual
screening in women of different age groups, some guideline groups rec-
ommend intervals of 1 to 2 years based on favorable results from trials that
screened at intervals of 12 or 24 months. Other guideline groups have
drawn inferential guidance from the RCTs, including the proportional inci-
dence of interval cancers in the period after a normal screening, and esti-
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mates of the duration of the detectable preclinical phase, or sojourn time, to
define screening intervals. Tabar and colleagues (31) used data from the
Swedish Two County study and estimated the mean sojourn time for
women by age as follows: 40 to 49, 2.4 years; 50 to 59, 3.7 years; 60 to 69,
4.2 years; and 70 to 79, 4 years. Since the average sojourn time properly
should define the upper boundary of the screening interval, it becomes
clear that annual screening is more important for younger women. Data
from two trials (44,47) and inferential evidence used to estimate sojourn
time (29,79) have provided persuasive evidence that younger women likely
will benefit more from annual screening compared with screening at 2-year
intervals. The evidence review accompanying the most current U.S. Pre-
ventive Services Task Force reached a similar conclusion (33). Recent data
from the National Cancer Institute’s (NCI) Breast Cancer Screening Con-
sortium also concluded that women under age 50 derive greater benefit
from annual screening compared with biannual screening, as measured by
lower rates of detection of advanced disease (80). White and colleagues (80)
concluded that annual screening offered no measurable advantage to
women over age 77, but other studies support an advantage with shorter
screening intervals for postmenopausal women. Estimating tumor charac-
teristics associated with screening intervals of 24, 12, and 6 months,
Michaelson et al. (81) showed that shorter screening intervals were associ-
ated with greater reductions in the proportion of cases diagnosed with
distant metastases. Similar findings were reported by Hunt et al. (82) com-
paring tumor outcomes among women aged 40+ undergoing screening at
intervals of 10 to 14 months vs. 22 to 26 months.

IV. How Cost-Effective Is Mammographic Screening?

Summary of Evidence: Mammography screening in women aged 40 to 79
years of age has been shown to meet conventional criteria for cost-
effectiveness (55). The marginal cost per year of live saved (MCYLS) varies
with age, with greater MCYLS in age groups between ages 40 and 79 with
lower incidence or lower longevity.

Supporting Evidence: Cost-effectiveness studies in screening are focused on
the net cost of achieving a particular health-related outcome, typically
years of life gained expressed as the MCYLS, or the cost of a death avoided.
Costs may be expressed in monetary terms, or in terms of the number of
women needed to screen once or over some number of years, or number
of screening exams conducted, to save one life. Although most cost-
effectiveness analyses have concluded that screening for breast cancer is
cost-effective, results have been highly variable overall and within age-
specific subgroups due to differences in the underlying methodology
(83-87), different assumptions about costs, amount and timing of benefits
from screening, whether costs and benefits are discounted against future
value, and whether or not benefits are quality adjusted. Even though there
have been formal efforts to create some common guidelines for conduct-
ing cost-effectiveness analysis (88), the current literature estimating
MCYLS shares little in common with respect to methodology, model
inputs, and end results beyond the finding that screening is somewhat less
cost-effective in women under age 50 and older than age 70 compared with
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women aged 50 to 69. There also has been variability in estimates of the
number needed to screen to save one life, but here the explanation for wide
differences in estimates has been due to the manner in which RCT data
have been applied to estimate the fraction. It has been common to confuse
the number invited to screening with the number of women actually
screened, and to confuse the period of time women underwent screening
with the tumor follow-up period, which usually is considerably longer. For
example, a recent evidence review concluded that with 14 years of obser-
vation, the number needed to screen to save one life was 1224.5. However,
when the number needed to screen is calculated on the basis of women
actually attending screening, and the duration of the screening period,
Tabar and colleagues (89) estimated that the number of women needed to
screen for 7 years to save one life over 20 years is 465 (95% CI, 324-819).
The number of mammographic examinations needed to save one life was
1499 (95% CI, 1046-2642). Put another way, on average 465 women needed
just over three rounds of screening to prevent one death from breast cancer.
With annual screening over a longer duration, say 10 years, the number
needed to screen to save one life would be even lower.

V. How Should Ultrasound Be Applied To
Breast Cancer Screening?

Summary of Evidence: Moderate evidence exists to support sonographic
screening for breast cancer, though its efficacy is incompletely demon-
strated by existing single-center studies (18,20,90-93). The studies to date
have been limited to women with mammographic or clinical abnormali-
ties (90), negative mammography and clinical examination (92,93), a com-
bination of the two (20,91), or women presenting for screening (18,94). The
results of mammography were known to the individual performing the
sonogram in every case (not blinded). This creates potential bias in that
areas of vague asymmetry may be unintentionally targeted sonographi-
cally, or there may be a tendency to dismiss otherwise subtle mammo-
graphic findings as negative.

Women with nonfatty breast parenchyma and average risk for breast
cancer comprised the study populations with the exception of the Taiwan
study of first-degree relatives of women with breast cancer invited to
screening (94). Studies have focused on the application of ultrasound (US)
as an adjunct or supplemental test to screening mammography. Supple-
mental screening with sonography (or magnetic resonance imaging), after
mammography, increases the rate of early detection of breast cancer in
women with dense breast parenchyma. The degree to which this additional
testing adversely affects women is being studied (95). Whether or not addi-
tional detection of breast cancer by supplemental sonographic screening
alters the outcome of the disease has not been established directly. Advo-
cates hypothesize that surrogate end points, such as tumor size and pres-
ence of metastases to local lymph nodes, will inform future discussions and
guidelines. Such end points have been shown to closely parallel survival
outcomes (96).

Supporting Evidence: Across six series of average risk women, totaling
42,838 exams, 150 (0.35%) additional cancers have been identified only on
sonography in 126 women (18,20,90-93) (Table 3.2). Of the 150 cancers seen
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Table 3.2. Breast cancers detected by sonography and mammography

Ultrasound-induced

No. of cancers detected biopsy
Number of
No. of No. of Number of cancers

Study examinations cancers Mammography Ultrasound biopsies (%)
Gordon and 12,706 n/a n/a 44 279 44 (16)
Goldenberg (90)
Buchberger 8,970 182 142 160 405 40 (10)
et al. (91)
Kaplan (92) 1,862 n/a n/a 6 57 6 (11)
Kolb et al. (18) 13,547 246° 191 110 358 37 (10)
(all women)
Crystal et al. (93) 1,517 n/a n/a 7 38 7 (18)
LeConte 4,236 50 34 44 n/a n/a
et al. (20)
Overall 42,838 478 367 (76.8%) 371, with 1,137 134 (12)

314/478

(65.7%) where

mammography

also reported

n/a, not available, not reported [Gordon and Goldenberg (90)], or not applicable as patients selected because of negative
mammogram [Kaplan et al. (92), Crystal et al. (93)].

* Includes four invasive cancers detected only on clinical breast examination. In 5826 examinations in women <50 years of
age, 42 cancers were identified including 21 seen on mammography and 33 on ultrasound.

only on sonography, 141 (94%) were invasive and nine (6%) ductal car-
cinoma in situ (DCIS) (Table 3.3). Of the 141 invasive cancers, 99 (70%)
were 1cm or smaller. The detection benefit of supplemental sonography
increased with increasing grades of breast density. Indeed, of the 126
women with sonographically detected cancers, 114 (90.5%) had either
heterogeneously dense or extremely dense parenchyma. When results of
mammography were also reported across 26,753 examinations (Table 3.3),
another 56 cancers were seen only mammographically, of which 42 (75%)

Table 3.3. Histopathology of breast cancer seen only on ultrasound®

No. of Invasive
cancers Total Ductal Lobular DCIS Size (range), mm
Gordon and 44 44 n/a n/a 0 Mean 11, median
Goldenberg (90) 10 (4-25)
Buchberger et al. (91) 40 35 26 9 5 Mean 9.1 (4-20)
Kaplan (92) 6 5 3 2 1 Mean 9 (6-14)
—US size
Kolb et al. (18) 37 36° n/a n/a 1 Mean 9.9
Crystal et al. (93) 7 7 6 1 0 Median 10 (4-12)
Leconte et al. (20) 16 14 9 5 2 Mean 11, median
9 (2-30)
Overall 150 141 (94%) 44 (29%) 17 (11%) 9 (6%)

n/a = not available.

* Women had both whole breast ultrasound and mammography.

" Cancers are listed only as invasive with no further details available; 26 of 37 cancers were 1cm or smaller with range not
available.
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were DCIS and 14 (25%) invasive. Women at higher risk of breast cancer
were two- to threefold more likely to have a cancer seen only sonograph-
ically. Overall sensitivity of US was slightly lower than mammography, at
66% compared to 77% where both exams were performed.

Biopsy of benign lesions seen only sonographically and induced short
interval follow-up are the risks of undergoing screening ultrasound. Across
the five series where specifics are detailed (Table 3.2), after 38,602 screen-
ing sonograms, 1137 (2.9%) resulted in biopsy and 134 (11.8%) biopsies
showed malignancy. In the four series with details (18,90,92,93), short inter-
val follow-up was recommended in another 6.6% of women. It should be
noted that in all but one series (18), only a single prevalence screen was
performed; these rates of false positives are likely higher than would be
seen on annual incidence screens.

A prospective multicenter trial funded by the Avon Foundation and the
NCI, Screening Breast Ultrasound in High-Risk Women, opened April 19,
2004, through the American College of Radiology Imaging Network
(ACRIN) (95). Importantly, sonography will be performed blinded to the
results of mammography. Tumor size, grade, and nodal status will be
determined.

Another point of controversy in sonographic screening is generalizabil-
ity across investigators. For a sonogram to depict a cancer, the sonographer
must perceive it as an abnormality while scanning. No amount of subse-
quent review of images will correct for lack of real-time detection. Optimal
technique requires appropriate real-time adjustments of pressure, angle of
insonation, focal zones, dynamic range, time-gain compensation, and
depth. Methods to automate scanning may facilitate standardization of
technique and documentation. Consistent interpretation is another area
of concern as with any imaging technique (97). To assure high standards
of performance in both detection and interpretation, investigator qualifi-
cation tasks have been developed for ACRIN Protocol 6666, including a
phantom lesion detection task, and interpretive skills tests for proven sono-
graphic and mammographic lesions. Materials to complete these tasks are
available to interested individuals through ACRIN (www.acrin.org).

In the screening series (Table 3.2) as above, mammography showed
better overall performance than ultrasound, with invasive cancer overrep-
resented among cancers seen only sonographically and DCIS overrepre-
sented among cancers seen only mammographically (Table 3.3). Among
invasive cancers, 17 (28%) of the 61 seen only sonographically were inva-
sive lobular type, which is often especially subtle mammographically.
Where detailed, supplemental US the greatest detection benefit in dense
parenchyma (19,98). Ductal carcinoma in situ is most often manifest mam-
mographically as microcalcifications (99) and is therefore problematic for
US. In the reported US series, 62% of DCIS was detected sonographically,
compared to 78% for mammography.

VI. How Accurate Is Ultrasound in
Evaluating Palpable Breast Masses?

Summary of Evidence: Moderate evidence supports the use of US in addi-
tion to mammography in the evaluation of women with palpable masses
or thickening.
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Supporting Evidence: In addition to its potential use in screening, US can
also be used to evaluate palpable breast masses. Ultrasound is the initial
test of choice in evaluating a lump in a young woman (under 30 years old)
(100). The most common cause of a palpable mass in a woman under age
30 is a fibroadenoma (101). A palpable, circumscribed, oval mass with no
posterior features or minimal posterior enhancement is most likely a
fibroadenoma. If the mass has clinically been known to the patient and
stable for a period of months, then follow-up is a reasonable alternative to
biopsy. Since 15% of fibroadenomas are multiple, bilateral whole breast US
is reasonable as part of the initial evaluation. Many women prefer excision
of a palpable lump, and direct excision of a probable fibroadenoma is rea-
sonable in a young woman. The finding of a sonographically suspicious
mass, or a clinically suspicious mass without a sonographic correlate,
should prompt bilateral mammographic evaluation to better define the
extent of malignancy if any. At age 30 and over, breast cancer is
increasingly common, and mammography is the initial test of choice for
symptomatic women.

Moderate evidence supports the use of US in addition to mammogra-
phy in the evaluation of women with palpable masses or thickening. The
combination of US and mammography is especially effective in evaluating
women with palpable masses (Table 3.4). In the multiinstitutional study of
Georgian-Smith et al. (102), 616 palpable lesions were evaluated sono-
graphically and all 293 palpable cancers were depicted sonographically.
Across several series, of 545 cancers in women with symptoms, 529 (97.1%)

Table 3.4. Sensitivity and negative predictive value of combined mammography and US in
symptomatic women

Purpose of
No. of Sensitivity study/patient Detection Cancers
cancers (%) NPV (%) population of misses missed
Georgian- 293 293 (100) n/a Palpable, Biopsy None
Smith et al. sensitivity of
(101) US to
cancers
Dennis et al. 0 n/a 600/600 Palpable, Biopsy or None
2001 (102) (100) Biopsy 2-year
avoidance follow-up
Moy et al. 6 0 227/233 Palpable Tumor 2 DCIS, 11ILC,
2002 (103) (97.4) registry, 31IDC
2-year
follow-up
Kaiser et al. 6 6 (100) 117/117 Thickening Biopsy or n/a
2002 (104) (100) 14-month
follow-up
Houssami 240 230 (95.8)* 174/184 Symptoms® Tumor n/a
et al. (94.6) registry,
2003 (105) 2-year
follow-up
Overall 545 529 (97.1) 1118/1134
(98.6)

NPV, negative predictive value; n/a, not applicable; DCIS, ductal carcinoma in situ; ILC, invasive lobular carcinoma;
IDC, invasive ductal carcinoma.
* In the series of Houssami et al. (106), 157 women with cancer had a lump and 114 without cancer had a lump.
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were depicted. A negative result after both mammography and US is
highly predictive of benign outcome with 98.6% negative predictive value
across these series (102-106). Nevertheless, final management of a clinically
suspicious mass must be based on clinical grounds.

VII. How Accurate Is Ultrasound in
Evaluating Nipple Discharge?

Summary of Evidence: Bloody nipple discharge and spontaneous unilateral
clear nipple discharge merit imaging and clinical evaluation, with malig-
nancy found in 13% of patients on average (range 1-23%) across multiple
series (reviewed in ref. 107).

Supporting Evidence: Papilloma is the most common cause of nipple dis-
charge, found in 44% to 45% of patients (107,108), with fibrocystic changes
accounting for the rest. Milky discharge is almost always physiologic or
due to hyperprolactinemia (107) and does not warrant imaging workup.
Injection of contrast into the discharging duct, followed by magnification
craniocaudal and true lateral mammographic views (galactography), has
been the standard for imaging evaluation of nipple discharge (109). Ultra-
sound has the advantage of being noninvasive. A few studies have com-
pared US and galactography, with promising but limited evidence for the
utility of US in this setting (110,111). The visualization of intraductal masses
on US is facilitated by distention of the duct. Whether or not the full extent
of multiple intraductal lesions is well depicted on US has not been
systematically studied (insufficient evidence).

VIII. How Accurate Is Ultrasound in Determining Local
Extent of Disease?

Summary of Evidence: Sonography may aid in determining the local extent
of breast cancer when used in conjunction with mammography and clini-
cal exam (moderate evidence).

Supporting Evidence: Moderate evidence from several unblinded prospec-
tive series supports a detection benefit of sonography after mammography
and clinical examination in evaluating the preoperative extent of breast
cancer (Table 3.5). When magnetic resonance imaging (MRI) was used in
addition, the limitations of combined US, mammography, and clinical
examination became evident. In particular, an extensive intraductal com-
ponent was often underestimated without MRI in one series (19). On
average, 48% of breasts with cancer will have additional tumor foci not
depicted on mammography or clinical examination (112). If US is being
used to guide biopsy, there is an advantage to at least scanning the quad-
rant containing the cancer as 89% to 93% of additional tumor foci are
within the same quadrant as the index lesion (19,112,113), and over 90% of
malignant foci will be detected by combined mammography and US in this
setting.

Ultrasound is not particularly sensitive to lesions manifest solely as cal-
cifications due to their small size and speckle artifact present in tissue (114).
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Table 3.5. Use of combined mammography and US in evaluating local extent of breast cancer

No. of
cancers Sensitivity (%) Detection of misses Cancers missed
Fischer et al. 1999 (158) 405 366" (90.4) MRI 4 DCIS, 3 ILC, 32 IDC
Berg and Gilbreath 64 62 (97) Some surgery, details 2 ILC
2000 (159)° not specified
Hlawatsch et al. 105 breasts  94/105 (90%) MRI 7 invasive NOS,
2002 (98) with cancer accurate extent 1 DCIS
Moon et al. 2002 (116) 289 276 (95.5)* Some surgery, details 5 IDC, 1 ILC, 7 DCIS
not specified
Berg et al. 2004 (19)® 96 breasts 81 (84%)* MR, 2-year follow-up 7 DCIS, 6 IDC, 2 ILC
with cancer
Berg et al. 2004 (19) 177 162 (91.5) MRYI, 2-year follow-up 8 DCIS, 4 ILC, 3 IDC

MRI, magnetic resonance imaging; DCIS, ductal carcinoma in situ; ILC, invasive lobular carcinoma; IDC, invasive ductal
carcinoma.

? Includes clinical breast examination.

" References (157) and (19) are nonoverlapping series.

Nevertheless, US can help identify the invasive component of malignant
calcifications. Soo et al. (115) evaluated 111 cases of suspicious calcifications
and only 26 (23%) could be seen sonographically. Of those seen on US, 69%
were malignant compared to only 21% of those not seen on US (115). Those
cancers seen on US were more likely invasive (72% vs. 28%), and under-
estimation of disease was less common when biopsies were performed
with US guidance than stereotactic guidance. Similarly, Moon et al. (116)
showed that 45 (45%) of 100 suspicious microcalcifications were sono-
graphically visible, including 31 (82%) of 38 malignant calcifications and
14 (23%) of 62 benign calcifications.

IX. Which Lesions (BIRADS 1-6) Should Undergo Biopsy?

Summary of Evidence: The widespread use of screening mammography has

resulted in the detection of clinically occult and probably benign lesions in
up to 11% of patients (117). One concern regarding the dissemination and
utilization of image-guided percutaneous biopsy was that unnecessary
sampling of probably benign lesions would result in an unacceptably low
positive predictive value. There has also been concern that it might replace
the short-interval, 6-month imaging follow-up that has been demonstrated
as effective management of probably benign [Breast Imaging and Report-
ing and Data Systems (BIRADS) category 3] masses and microcalcifica-
tions. The positive biopsy rate of mammography is improved when the
procedure is performed primarily on lesions categorized by BIRADS (16)
as category 4 (suspicious) or 5 (highly suspicious) and when short-
interval, 6-month follow-up mammography is judiciously used in place of
biopsy for the majority or probably benign (BIRADS category 3) lesions
(117-121).

Supporting Evidence: Early studies reporting the low yield of breast cancer
in BIRADS category 3, probably benign, nonpalpable lesions were largely
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level II (moderate evidence) investigations, both prospective and retro-
spective from single institutions (122-124) that were limited by small
patient populations, incomplete mammographic follow-up, and short
durations of follow-up (6 to 20 months).

A single level I (strong evidence) report was published by Sickles (125)
in 1991. This prospective trial included 3.5 years of mammographic follow-
up in a population of 3184 probably benign breast lesions, of which 17 (pos-
itive predictive value for cancer, 0.5%) were found to be malignant. These
results established the validity of managing mammographically depicted,
probably benign (BIRADS category 3) lesions with periodic mammo-
graphic surveillance (125).

A. Special Case: Radial Sclerosing Lesions (Radial Scars)

The reported incidence of radial scar is 0.1 to 2.0 per 1000 screening mam-
mograms and 1.7% to 14% of autopsy specimens (126) (Fig. 3.1). Their
major significance pertains to an association with atypical ductal hyper-
plasia and carcinoma that is seen in up to 50% of cases (Table 3.6) (127).
However, multiinstitutional studies of larger patient populations evaluat-
ing percutaneous biopsy find a much lower incidence of cancer associated
with radial scar than previously reported (128-130). Although the largest
published studies are retrospective level II (moderate evidence), excisional
biopsy is recommended when percutaneous biopsy results show radial
scar, especially when associated with atypical hyperplasia.

B

Figure 3.1. Radial scar. Right and left cranial-caudal (CC) (A) and coned right CC (B) mammography images
demonstrate an ill-defined mass associated with architectural distortion in the left breast (right). Image-
guided percutaneous biopsy demonstrated sclerosing radial lesion associated with sclerosing adenosis, atyp-
ical ductal hyperplasia, and fibrosis histopathologically. Surgical excision demonstrated a 7-mm tubular
carcinoma in addition to the aforementioned findings.
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Table 3.6. Published reports and evidence classification of radial scar (RS): association with
malignancy and diagnostic accuracy by percutaneous biopsy (PB)

No. of RS  No. of gold

Authors, diagnosed standard Incidence Cancer missed Study Evidence
year by PB correlation of cancer by PB characteristics classification
Brenner 198 Surgical 8.2% cancer 3% overall 2,3,4,6 Level 11
et al. excision: 102 28% ADH 5% for spring
2002 (128) mammography: loaded
55 0% for vacuum

device
Philpotts 9 8 0% cancer 2,357 Level 11
et al. 2000 50% ADH
(129)
Allevaet N/A Surgical 41% N/A 2,5 Level IT
al. 1999 excision: 22
(127)
Orel et al. 4 Surgical 0% cancer N/A 2,5,7 Level
1992 (130) excision: 4 0% ADH II

Study characteristics: 1, prospective; 2, retrospective; 3, nonpalpable lesions only; 4, multiinstitutional; 5, single institution;
6, lack of follow-up in some cases; 7, small population; ADH, atypical ductal hyperplasia.

X. What Is the Performance of Percutaneous
Image-Guided Breast Biopsy Compared with
Standard Surgical Excisional Biopsy?

Summary of Evidence: Percutaneous, image-guided breast biopsy has been
found to be an accurate, safe, well-accepted, reliable method for diagnos-
ing nonpalpable breast abnormalities. When a carcinoma is initially diag-
nosed by percutaneous biopsy significantly fewer surgical procedures are
required to achieve clear margins when breast conservation is the thera-
peutic goal (131).

Supporting Evidence: There have been several studies evaluating percuta-
neous breast biopsy guided by both stereotactic (Fig. 3.2) or ultrasound
(Fig. 3.3) imaging guidance (Table 3.7) (132-146). The majority were
prospective, single-institution studies, but three were multiinstitutional
(132,141,145). Several studies were limited by small study populations
(defined as less than 200 subjects). All studies having a pathologic gold
standard (i.e., all patients went to surgical biopsy after percutaneous
image-guided biopsy) were less than 200 patients in size. In all studies over
200 patients in size, those with a benign percutaneous biopsy result
were followed with either mammography or US. No study had complete
imaging follow-up on this category of patients, and delayed cancers were
diagnosed in the follow-up groups. For six studies evaluated as level II
(moderate evidence) and two studies evaluated as level I (strong evidence),
percutaneous imaging-guided biopsy diagnosed cancer in 72% to 98% of
malignant lesions.
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Figure 3.2. Stereotactic biopsy of microcalcifications. Right and left craniocaudal
(A) and medial-lateral oblique (B) mammography images demonstrate suspicious
microcalcifications in the upper outer and upper inner quadrants of the left breast.
C: Patient positioning for stereotactic biopsy. X-ray and biopsy equipment are
located beneath the table.



F

Figure 3.2. D: Stereotactic images of calcifications (arrows) performed for targeting
(upper row of images) of a microcalcification cluster are shown above and images
performed after placement of the biopsy probe (curved arrows in lower images) are
shown below (biopsy probe obscured the cluster of interest in lower right image).
E: Biopsy probe positioned within breast for retrieval of tissues samples from micro-
calcifications that were targeted with computer assistance from stereotactic images
acquired digitally. F: Radiographs of the biopsy specimens document presence of
microcalcifications (arrows) within the tissue. Ductal carcinoma in situ was diag-
nosed histopathologically. (For part E, see color insert.)
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Figure 3.3. Ultrasound of mammographically occult malignancy. A: Mediolateral
oblique mammogram with dense parenchyma in a 53-year-old with a palpable mass
(marked with radiopaque marker). No discrete mammographic correlate is seen.
B: Transverse sonogram over the palpable abnormality demonstrates a spiculated
hypoechoic mass highly suggestive of malignancy. Sonographically guided core
biopsy showed infiltrating and intraductal carcinoma.



Table 3.7. Published reports and evidence classification: image-guided breast biopsy compared to surgical biopsy

% of cancers

Needle size  No. of Gold standard (GS) diagnosed on PB Evidence

Authors, year Method (gauge) patients No.of PB F/UMor US Surgical Biopsy compared with GS  Other classification

Parker et al. S 14,16, 18 103 102 102 102 14/16 (88%) 1,357 III
1990 (133)

Parker et al. S 14 102 102 102 102 22/23 (96%) 1,57 III
1991 (134)

Parker et al. us 14 164 181 112 49 48/49 (98%) 1,56,7 1II
1993 (135)

Elvecrog et al. S 14 100 100 N/A 100 34/36 (94%) 1,3,57 III
1993 (136)

Brendlinger et al. S 14 75 75 65 15 13/15 (87%) 1,3,57 1II
1994 (137)

Burbank et al. US/S 14 105 105 NG 24 13/13 (100%) 1,56,7 III
1994 (138)

Gisvold, 1994 (139) S 14 158 160 N/A 160 55/67 (82%) 1,37 III

Jackman et al. S 14 379 450 NG 116 99/116 (85%) 1,35 II
1994 (140)

Parker et al. US/S 14 6152 6152 3765 1363 910/925 (98%) 1,4,6 II
1994 (141)

Meyer et al. S 14 1032 1032 706 214 196/214 (96%) 1,356 I
1998 (142)

Jackman et al. S 14 483 483 259 221 55/76 (72%) 1,356 II
1999 (143)

Meyer et al. S 14, 14V, 1643 1836 855 614 412/444 (93%) 1,356 II
1999 (144) 1v

Brenner et al. S 14 1003 1003 596 307 242/254 (95%) 1,34 I
2001 (145)

Margolin et al. S/US 16 1183 1333 963 175 135/147 (92%) 1,356 1
2001 (146)

Fajardo et al. US/S 14, 14V, 2403 1174 1051 631 410/452 (91%) 1,3,4,6,81
2004 (132) 1V

S, stereotactic; M, mammography; US, ultrasound; V, vacuum-assisted; PB, percutaneous biopsy; NA, not applicable; NG, not given.
Other: 1, prospective; 2, retrospective; 3, nonpalpable lesions only or could separate data for nonpalpable lesions from palpable; 4, multiinstitutional; 5, single institution; 6, follow-
up incomplete in some cases; 7, small population; 8, randomized.

SurSewy jsearg ¢ 1a1dey)
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XI. What Type of Imaging Guidance Is Best
Suited for Breast Lesions Manifest as Masses or as
Microcalcifications?

Summary of Evidence: Any lesion that is adequately visualized by US is best
biopsied using this guidance method. Ultrasound biopsy is less costly than
stereotactic biopsy and more comfortable for the patient. However, most
microcalcification clusters are not visualized with US and require stereo-
tactic guidance for tissue acquisition. Radiography of the core biopsy spec-
imens should be performed whenever microcalcifications are biopsied to
document adequate retrieval of calcifications in the biopsy specimens (132).

Supporting Evidence: The only major prospective randomized study that
attempted to study which type of imaging guidance was best suited for per-
cutaneous breast biopsy was the Radiology Diagnostic Oncology Group
(RDOG) trial (132). In this study, 1103 subjects were assigned to stereotactic
core biopsy and 578 were assigned to US core biopsy. However, 86 (8%) of
subjects assigned to stereotactic biopsy were changed to US-guided biopsy
by the physician performing the procedure, and 415 (72%) of subjects
assigned to US biopsy were changed to stereotactic biopsy. All patients
changed from stereotactic to US biopsy had a solid breast mass, and the most
frequent reasons for change were lesion inaccessibility by the stereotactic
system or a breast that was very thin on compression in the stereotactic
biopsy device. Among patients where the breast lesion was calcifications,
none were switched from stereotactic to US biopsy, while 99% (255 of 257)
of subjects with calcifications assigned to US biopsy were switched to stereo-
tactic biopsy because the calcifications were not well seen with US.

The RDOGS trial reported summary measures for sensitivity, specificity,
and predictive values for image-guided biopsy by the type of lesion biop-
sied (masses or calcifications) and imaging guidance used (US or stereo-
tactic) (132). The overall sensitivity, specificity, and accuracy for all breast
lesions by either imaging guidance method in this trial were 0.91, 1.00, and
0.98 respectively. The combined sensitivity, negative predictive value, and
accuracy for US and stereotactic biopsy for diagnosing masses (0.96, 0.99,
and 0.99, respectively) were significantly greater (p <.001, Chi-square) than
for calcifications (0.84, 0.94, and 0.96, respectively) (132). The sensitivity
(0.89) of stereotactic biopsy for diagnosing all lesions was significantly
lower (p =.029, Fisher’s exact) than that of US biopsy (0.97) because of the
preponderance of calcifications biopsied by stereotactic versus US guid-
ance (718 versus two) (131). There was no difference between US and
stereotactic guidance in sensitivity, specificity, or accuracy for the diagno-
sis of masses (0.97, 1.00, 0.99, respectively, for ultrasound core biopsy
(USCB) and 0.96, 100, and 0.99, respectively, for stereotactic core biopsy
[SCBI]) (133). The calculated overall false negative-rate for percutaneous
image-guided biopsy in this trial was 0.093 (132). Figure 3.4 is an algorithm
of decision support regarding the use of imaging-guided biopsy for diag-
nosing nonpalpable breast lesions.

A. Special Case: Biopsy of Breast Lesions Detected on
Breast Magnetic Resonance Imaging

With increasing use of magnetic resonance to image the breast, investiga-
tors are reporting that MRI finds lesions that are not detected by mam-
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Figure 3.4. Decision support: determining the method of diagnostic breast biopsy
for nonpalpable abnormalities.

mography or physical examination (50). Although MRI has a high sensi-
tivity in detecting breast cancer, approaching 100% in some series, the
reported specificity has ranged from 37% to 97% (147-151). Biopsying the
lesions seen by MRI has gained attention in recent years. In some cases, a
focused breast ultrasound examination, guided by the MRI findings,
permits biopsy using US guidance. Some investigators report limited,
single-institution experience with different approaches to performing per-
cutaneous biopsy guided by MRI (147-151); however, there is insufficient
evidence to substantiate its use. The cost-effectiveness of using MRI for the
breast poses additional concerns. At present, there is insufficient evidence
and there are currently are no level I, I, or III studies to guide which patient
populations should undergo breast MRI.

XII. How Cost-Effective Is Image-Guided Biopsy?

Summary of Evidence: Percutaneous biopsy of a nonpalpable breast lesion
using either stereotactic of US guidance is less expensive than surgical
biopsy. The cost savings are greater if the biopsy is performed with US
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guidance (152); however, most calcification lesions are not visualized by
US and are better evaluated with stereotactic biopsy guidance (132).

Supporting Evidence: Previous studies of the cost-effectiveness of imaging-
guided biopsy have involved analysis of both stereotactic and US biopsy
(132,152-157). Lindfors and Rosenquist (154) reported that the marginal
cost per year of life saved with screening was reduced by 23% with the use
of stereotactic rather than open surgical breast biopsy. Liberman et al.
(152,153) found that stereotactic biopsy decreased the cost of diagnosis
by more than 50%; if these results were generalized to the national
level, annual savings in the United States would approach $200 million.
Liberman et al. (153) and Lee et al. (155) found that the savings were greater
with breast masses than with calcifications, probably due underestimation
of pathology when atypical ductal hyperplasia and DCIS are associated
with microcalcifications. When a lesion is visible by US—and many micro-
calcification clusters are not—biopsy is least expensive using this imaging
guided modality. This is in part due to the fact that US equipment is less
costly than stereotactic systems and US can be used for imaging purposes
other than guiding biopsy. When data by Liberman et al. (152) were used
to estimate what the annual national cost savings would be if US rather
than open surgical biopsy was used to diagnose breast masses, a figure of
$59,523,000 was derived.

Future Research

¢ Data evaluating the performance of digital mammography relative to
conventional screen film mammography for breast cancer screening are
currently be analyzed from the recently completed ACRIN Digital Mam-
mography Imaging Screening Trial (DMIST). Information from this trial,
which recruited approximately 49,520 women, should be reported in
mid- to late 2005 (http://www.acrin.org/6652_protocol.html).

¢ The efficacy of whole breast US imaging as a screening tool or adjunct
to screening mammography in currently undergoing evaluation in the
ACRIN 6666 trial, Breast Cancer Screening in High-Risk Women
(http:/ /www.acrin.org/6666_protocol.html). Results may be reported
in early 2006.

¢ Data evaluating the efficacy of breast MRI to screen women at high risk
for breast cancer are also undergoing analysis and may be reported in
mid- to late 2005 (ACRIN 6667 trial, Breast Cancer: Screening of Con-
tralateral Breast with MRI, http://www.acrin.org/6667_protocol.html).
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Imaging of Lung Cancer

James G. Ravenel and Gerard A. Silvestri

I. Is there a role for imaging in lung cancer screening?
A. What is the role of chest x-ray?
B. What is the role of computed tomography?
II. How should lung cancer be staged?
How is the primary tumor evaluated?
How is the mediastinum evaluated?
How are distant metastases evaluated?
Special case: how is small cell lung cancer evaluated?
Special case: what is the appropriate radiologic follow-up?

mo0wp

Screening with chest radiographs does not decrease disease specific
lung cancer mortality (moderate evidence).

CT scan is able to detect lung cancers at a smaller size. There is not
adequate data to determine if CT screening is effective in reducing
lung cancer deaths (insufficient evidence).

CT and PET should be the primary tools for staging non-small cell
lung cancer and guiding invasive studies (strong evidence).

Definition and Pathophysiology

Malignant neoplasms of the pulmonary parenchyma can be loosely cate-
gorized as lung cancer. Simplistically stated, cancer in the lung occurs
through a complex interaction of DNA damage, repair, and mutation (1,2).
Lung cancer includes a variety of histologic cell types. Squamous cell, large
cell, and adenocarcinoma are categorized as non-small cell carcinoma
based on their common staging and treatment regimens. Small cell carci-
noma is distinctly more aggressive and is treated differently from the other
cell types.

Issues

Key Points
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Epidemiology

Lung cancer remains a preeminent public health concern, with over 170,000
cases diagnosed annually and over 150,000 deaths per year in the United
States (3). Perhaps even more daunting is the fact that over 1 million people
worldwide will succumb to the disease (4). Lung cancer is the leading
cause of cancer-specific mortality, outpacing breast, prostate, colon, and
ovarian cancer combined. Regardless of histologic subtype, smoking is the
presumed causative agent in over 85% of cases (5). Although smoking ces-
sation reduces the risk of developing lung cancer, up to 50% of newly diag-
nosed lung cancers occur in former smokers (6). Other occupational and
environmental exposures can contribute to the risk and development of
lung cancer, including arsenic, nickel, chromium, and asbestos (1). Radia-
tion makes up the primary environmental source of lung cancer. Radon,
of primary concern to uranium miners, is an ubiquitous environmental
source (50 to 100 times lower than uranium mines) of high-LET (linear
energy transfer) radiation (7,8). The relationship with low-level radiation
is less clear. Intermittent lower dose radiation given to tuberculosis patients
showed that the risk, if any, was small (9).

Overall Cost to Society

Tobacco smoke, the major risk for development of lung cancer, is estimated
to result in costs over $157 billion in health related economic losses (10)
and constitutes approximately 6% to 8% of personal health care expendi-
tures in the United States (11). The estimated annual cost for the treatment
of lung cancer is approximately $21,000 per patient but rises to approxi-
mately $47,000 for those who do not survive 1 year (12,13). Conservatively,
this results in an annual cost of treating lung cancer in the United States
of $3.6 billion per year.

Goals

The goal of screening is to detect serious disease at a preclinical stage
where treatment for the disease is more effective when administered early
(14). At this level, lung cancer appears to be an ideal candidate for screen-
ing. There is a well-defined high-risk population, and when detected by
symptoms the disease is advanced in over 80% of cases. Furthermore, treat-
ment is more efficacious at an earlier stage as measured by 5-year survival
(15). The goal of staging is to define the extent of disease and help select
the optimum course of treatment. As such, staging has both therapeutic
and prognostic implications.

Methodology

A Medline search was performed using PubMed (National Library of Med-
icine, Bethesda, Maryland) for original research publications discussing the
diagnostic performance and effectiveness of imaging strategies in lung
cancer screening. The search covered the years 1966 to 2003 and included
the following search terms: (1) lung cancer screening, (2) lung cancer and
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computed tomography, and (3) lung cancer and chest x-ray. Additional articles
were identified by reviewing the reference lists of relevant papers. This
review was limited to human studies and the English-language literature.
For lung cancer staging, the authors built on a recent meta-analysis of the
literature authored by one of the chapter’s coauthors (G.A.S.) (16,17). This
study included a full review of the literature from January 1991 to July
2001. Articles prior to 1991 were excluded due to marked improvements
in imaging technology. To ensure that more recent articles were included,
a search was performed using PubMed using the following terms: (1) lung
cancer and computed tomography, (2) lung cancer and positron emission
tomography (PET), (3) lung cancer and magnetic resonance imaging (MRI), and
(4) lung cancer staging for the period July 1, 2001, to December 2003.
The authors performed an initial review of the titles and abstracts of the
identified articles followed by review of the full text in articles that were
relevant.

I. Is There a Role for Imaging in Lung Cancer Screening?

Summary of Evidence: Screening for lung cancer with chest radiographs has

not been shown to reduce lung cancer mortality. The addition of sputum
cytology does not increase the yield of screening. Studies on CT are cur-
rently limited to nonrandomized trials and therefore the ability of CT to
reduce lung cancer mortality has not been adequately assessed.

Supporting Evidence

A. What Is the Role of Chest X-Ray?

Radiographic screening for lung cancer dates back to the 1950s (Table 4.1).
The Philadelphia Pulmonary Neoplasm Research Project performed

Table 4.1. Results of chest x-ray randomized control trials

59

No. of baseline No. of repeat

Lung cancer

screening screening mortality per 10,000

Study site Study arm Sample size cancers cancers person- years
London All 55,034 51 177 2.2
1960-1964 Intervention 29,723 31 101 2.1

Control 25,311 20 76 2.4
Mayo 1971-1983 All 10,933 91 366 NR

Intervention 4,618 NA 206 3.2

Control 4,593" NA 160 3.0
Czechoslovakia All 6,364 18 66 NR
1976-1980 Intervention 3,172} NA 39 3.6

Control 3,174 NA 27 2.6
Memorial Sloan- All 10,040 53 235 NR
Kettering Cancer Intervention 4,968 30 114 2.7%
Center 1974-1982  Control 5,072 23 121 2.74
Johns Hopkins Al 10,386 79 396
1973-1982 Intervention 5,226 39 194 3.4*

Control 5,161 40 202 3.8*

NA, not available; NR, not reported.

* Randomization subsequent to baseline screen. Sample size of the study arms do not equal number of total enrollees.
* Randomization prior to baseline screen. Total number of deaths may include prevalence cases.

$ Includes 379 cancer detected during screening period and 17 cancers detected after the end of screening.



60

J.G. Ravenel and G.A. Silvestri

periodic photofluorogram screening on over 6000 male volunteers, with
disappointing results. Although survival was slightly better in the
screen-detected cancers versus symptom-detected cancers, screen-detected
cancers had the same outcome regardless of the time from the previous
negative study (Fig. 4.1) (18). At about the same time, the North London
study randomized over 50,000 men, ages 40 to 64, to biannual chest x-rays
over 3 years or chest x-rays at the beginning and end of the 3-year period.
More cancers were detected in the study group (101 vs. 77), and the 5-year
survival rate was better (15% vs. 6%), although this was not statistically
significant (19). The study also suffered from problems with randomiza-
tion, as there were statistically more ex-smokers in the screened group and
more participants aged 60 to 64 in the control group (20).

Case-control series of chest radiographs for lung cancer screening have
been performed in Japan owing to the large amount of available data from
tuberculosis control programs. The first trial reported from Osaka esti-
mated a 28% reduction in mortality and better survival for those in the
screen-detected group compared to those in the Osaka Cancer Registry
(21). Four more recent case control series show an estimated mortality
reduction between 30% and 60% (22-25). Pooling the data of these four
Prefectures resulted in an estimated mortality reduction of 44% (26).

Two European nonrandomized trials of chest radiograph screening have
been performed. In Varese, Italy, 2444 heavy smokers were screened annu-
ally for 3 years; 16 cancers were detected during the prevalence screen, 31%
stage I, and seven cancers were detected during the two incidence screens,
71% stage 1 (27). The Turku Study in Finland studied 93 men out of 33,000
who had lung cancer detected on a one-time screen and compared them
to those detected by symptoms or serendipitously noted on chest radi-
ograph performed for other purposes. Screen-detected cases tended to be
of an earlier stage and thus resectable (37% vs. 19%), and 5-year survival
was better in the screen-detected group (19% vs. 10%) (28).

Figure 4.1. Typical CT screen detected lung cancer. Spiculated nodule present in
left upper lobe measuring just over 1 cm. Surgery revealed TINO adenocarcinoma.
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Taken all together, the nonrandomized studies performed in Europe and
Japan would seemingly give credence to an advantage for screened popu-
lations. As pointed out previously, however, the biases present in the
design of these studies make it impossible to definitively attribute the
apparent benefit to screening. Furthermore, there are likely differences in
the populations studied when compared to the U.S. population. In Japan,
lung cancer in females is a disease of nonsmokers, and female smoking-
related cases were excluded to facilitate matching controls (22,25). A high
proportion of male never-smokers were present in the Miyagi screening
study. Furthermore, peripheral adenocarcinoma occurs in a higher per-
centage of cases in Japan, and thus the efficacy of screening seen in Japan
may not translate to U.S. populations (25).

Including the previously mentioned North London study, a total of six
randomized controlled trials and one nonrandomized trial of chest radi-
ograph lung cancer screening have been performed. In all of these studies,
the control group underwent some form of screening, though less fre-
quently than the intervention arm. The Kaiser Foundation trial, though not
specifically performed for lung cancer, randomized over 10,000 partici-
pants ages 35 to 54 into an intervention group that was encouraged to par-
ticipate in a multiphasic health checkup, including chest x-ray, and a
control group that was not. Seventeen percent of participants in both
groups were smokers. All-cause mortality was not significantly different
between groups (29). The Erfurt, Germany, study was a nonrandomized
trial with 41,000 males in the intervention group, who underwent biannual
chest x-rays and 102,000 males in the control group, who had chest x-rays
every 18 months. The intervention group had a higher rate of cancers
detected (9% vs. 6.5%), a higher resection rate (28% vs. 19%), and better
5- and 10-year survival. However, there was no difference in lung cancer
or all-cause mortality (30).

Under the auspices of the National Cancer Institute (NCI), three sepa-
rate screening trials were performed in the U.S. during the 1970s (31). Two
of these studies, the Johns Hopkins study (32) and the Memorial Sloan-
Kettering (33) study, enrolled over 10,000 males each into an intervention
group that received annual chest x-rays and sputum cytology every 4
months, and a control group that received only an annual chest x-ray.
While there was a slight benefit to sputum cytology at the prevalence
screen, all-cause mortality was the same in both groups (34-36). The results
led to the conclusion that sputum cytology does not significantly improve
the yield of chest x-ray screening.

The Czech Study on Lung Cancer Screening had a rather unique design.
At the initial screen, all participants received a chest x-ray and sputum
analysis. After 19 prevalence cases were excluded, 6345 were randomized
to either semiannual chest x-rays and sputum analysis for 3 years or a chest
x-ray and sputum analysis at the end of the 3-year period. Both groups
then received annual chest x-rays at 1-year intervals from years 4 through
6. The first reported results were promising, with 48% diagnosed at stage
I'or IT and 27% undergoing curative resections in the intervention arm (37).
The number of stage III cancers in each arm was similar (17 vs. 15). At
follow-up, however, despite the fact that the lung cancer in the screened
group was of earlier stage, almost three times as likely to be resectable, and
had a better 5-year survival from time of diagnosis, there were more lung
cancer deaths in the intervention arm, all-cause mortality was greater in
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the intervention arm, and smoking-related deaths were greater in the inter-
ventional arm (38). Conclusions did not change at extended follow-up (39).

The Mayo Lung Project randomized 10,933 participants into an inter-
vention arm of chest x-ray and sputum cytology every 4 months and a
control arm of “usual care” for 6 years (40). Ninety-one prevalence cancers
were detected with over 50% postsurgical stage I or II and 5-year survival
of 40%. Prevalence cases tended to be of a more well-differentiated histol-
ogy (41) and complete resection could be performed in twice as many
screening participants compared to a previous cohort of over 1700 patients.
By the end of the trial, 206 lung cancers had been detected in the screen-
ing arm and 160 in the control arm. Although screen-detected cancers were
more resectable (54% vs. 30%), there was no stage shift and no statistically
significant difference between the groups in lung cancer mortality (42,43).
With follow-up out to 20 years, no benefit could be detected in the screened
group (44).

The results of the Mayo Lung Project remain controversial. Contamina-
tion of the control group was considered substantial. Over 73% of subjects
received a chest radiograph in the last 2 years of the study, and 30% of the
cancers in the control group were discovered on chest radiographs per-
formed for reasons other than suspicion of lung cancer (43). The majority
of these ostensibly “screen” cancers in the control group were resectable.
Overdiagnosis bias is one of the proposed reasons for the excess cancers
in the screen group, although this hypothesis, particularly as it applies to
lung cancer, remains controversial (45-47). It has also been suggested that
the Mayo Lung Project was underpowered and thus had only a 20% chance
of showing a mortality benefit should it have existed (48). Although it was
also suggested that there was heterogeneity between the groups that
affected mortality (49), reappraisal of the populations in the study showed
no difference in age at entry, cigarette smoking history, exposure to non-
tobacco lung carcinogens, and comorbid pulmonary diseases (50). Regard-
less of the controversy, it is important to realize that to date, lung cancer
screening with chest radiographs has not been shown to reduce lung
cancer mortality. There is one ongoing larger randomized control trial of
lung cancer screening with chest radiograph as part of the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial (51).

B. What Is the Role of Computed Tomography?

The literature review revealed a total of nine trials of nonrandomized
screening, three in Japan, three in Europe, and three in the United States,
enrolling a total of 20,116 individuals for prevalence screens (52-60).
Several of these studies have reported annual incidence data, and thus far
25,406 incidence screens have been reported (55,57,61-63) (Table 4.2). It is
important to realize that the superiority of CT for the detection of abnor-
malities is not in question; however, CT identifies many smaller, “indeter-
minate” nodules, the majority of which will eventually turn out to be
benign, but represent a diagnostic dilemma at the time of screening. The
rate of false-positive exams must be taken into consideration in the context
of lung cancer screening.

The most extensive experience has been seen in Japan where the three
trials, Anti-Lung Cancer Association (ALCA) (55), Hitachi Employee’s
Health Insurance Group(Hitachi) (57), and Matsumoto Research Centre



Table 4.2. Results of CT screening trials

Baseline screen

Annual repeat screening

No. of No. of
abnormal  No. of No. of newly  detected
No. of results malignancies  Detected No. of identified malignancies  Detected
Date of patients (% of detected malignancies, patients abnormal (% of total) malignancies,
Study site publication  screened  total) (% of total) stage 1 (%) screened  results (% of total) stage 1 (%)
Cornell 1999, 2001 1000 233 (23) 27 (2.70) 81 1184 63 (5) 7 (0.59) 85
University,
United States
(ELCAP)
Muenster 2001 919 NR 17 (1.85) 76 NR NR 2 (NR) 100
University,
Germany
Matsumoto 2001 5483 676 (12) 22 (0.40) 100 8303 518 (6) 34 (0.41) 86
Research
Center
Hitachi 2001 8546 NR 35 (0.41) 97 7434 NR 7 (0.09) 100
Health Care
Center
Mayo Clinic, 2002 1520 782 (51) 22 (1.4) 59 1464 191 (13) 3 (0.20) 0
United States
Anti-Lung 2002 1611 186 (11.5) 14 (0.87) 77 7891 721 (9.1) 22 (0.28) 82
Cancer
Association
Helsinki, 2002 602 111 (18) 5 (0.8) 0 NR NR NR NR
Finland
Milan, Italy 2003 1035 199 (19) 11 (1.1) 55 996 99 (10) 11 91

NR, not reported.
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(Matsumoto) (52,61), have reported on 15,050 participants. These studies
utilized 10-mm collimation for the computed tomography (CT) scans. Two
studies, ALCA and Matsumoto, included sputum cytology in the screen-
ing regimen and screening was performed at 6-month intervals in ALCA.
A total of 72 lung cancers were detected during the prevalence screen
(0.5%), 57 of which were stage IA (79.2%). At the same time, non-calcified
nodules were present in 2564 (17%, range 5-26%) individuals. A total of
7891 follow-up examinations have been reported in the ALCA study with
19 additional cancers detected, 15 of which were stage IA (78.9%). One inci-
dence screen has been reported in the Hitachi study in 5568 individuals
with four additional detected lung cancers, three stage IA. In total, 8303
incidence screens have been reported over 2 years in the Matsumoto study
with a total of 37 cancers detected, 32 of which were stage 1A (86.5%). A
major consideration in the Japanese trials is that screening was made avail-
able at a younger age, usually 40, and that smoking history was not a
requirement for participation (nonsmokers accounted for 14% of the ALCA
study, 38% of the Hitachi study, and 53% of the Matsumoto study). Thus
it is unclear that these results can be generalized to usual screening cohorts.

Three European trials have been reported in the literature. In Germany,
817 asymptomatic volunteers over the age of 40 with at least a 20-pack-a-
year smoking history underwent screening. At the prevalence screen 43%
were found to have at least one noncalcified nodule, and 11 patients had
malignancy including seven stage IA (one participant had two squamous
cell carcinomas considered to be synchronous primary lesion) (60). One
video-assisted thoracotomy surgery (VATS) was performed for benign
disease. In Finland, 602 workers with asbestos exposure (mean 26 years)
and smoking history underwent screening. The prevalence screen detected
111 cases with at least one nodule by consensus review (18%) and five lung
cancers (all at least stage IIA). The authors also provided the number of
follow-up procedures required; 54 repeat CT, 15 bronchoscopy, six image-
guided fine-needle aspiration (FNA) and nine thoracotomy/thoracoscopy
(only one for malignant disease) (53). Finally, the first 2 years of screening
of 1035 subjects in Italy have been reported. All were 50 years old or older
and had at least a 20-pack-a-year smoking history. The study is scheduled
to perform annual screening for 5 years. Twenty percent had indetermi-
nate nodules at baseline screening. Twenty-two lung cancers have been
detected, 11 during the prevalence screen (six stage IA) and 11 during the
incidence screen (10 stage 1A) (56).

Three studies in the U.S. have published results. A small study designed
to test the feasibility of a randomized controlled trial showed that almost
80% of subjects would be willing to be randomized to either observation
or chest CT (59). Of the initial 92 randomized to CT, 30 had noncalcified
nodules (32.6%). One stage I and one stage IV lung cancer were detected.
The Mayo Clinic evaluated 1520 individuals 50 and older with at least a
20-pack-a-year smoking history (54,62). Sputum cytology was also per-
formed. Noncalcified nodules were found in 69% of participants. Over 3
years, 40 cancers were detected in the population: 26 prevalence, 10 inci-
dence, two interval (symptom detected between screening exams), and two
by sputum cytology alone. Twenty-two cancers were stage 1A, 17 preva-
lence and five incidence. There were four limited-stage small cell carcino-
mas. The first U.S. CT screening study, the Early Lung Cancer Action
Project (ELCAP), enrolled 1000 symptom-free individuals 60 and older
with at least a 10-pack-a-year smoking history (64). The prevalence screen
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revealed 233 noncalcified nodules and 27 lung cancers, 23 stage I. During
incidence screens, seven additional lung cancers were identified by screen-
ing, five stage I, and two by symptoms, both advanced (63).

Several trends become evident when all the trials are grouped together.
The average yield for lung cancer on the prevalence screen ranges from
0.3% to 2.3%, and depends greatly on the characteristics of the screened
population; in general, the yield drops off two to three times with incidence
screens. The rate of detection of stage I cancers ranges from 50% to 80% at
prevalence screen or 71% by pooling all screens at prevalence. During
follow-up screens 75% of detected cancers are stage I, however, in the U.S.
only 10 of 22 cancers (45%) detected following the prevalence screen were
stage I. While this represents an improvement over chest radiograph, it is
not clear that this will be enough to give a large mortality advantage. The
lower percentage of stage I cancers at incidence also raises the question of
overdiagnosis, particularly for prevalence cases.

Prevalence data from the Lung Screening Study, a randomized-
controlled feasibility study, suggests that the stage shift needed to show an
advantage of CT over chest x-ray may not be present (65). There were 3318
participants randomized to either posteroanterior (PA) radiograph or low-
dose CT. Nodules or other suspicious findings were present in 20% of the
CT group and 9% of the chest x-ray group. A lung cancer diagnosis was
established in 30 participants in the CT arm; 16 were stage I (53%). Seven
lung cancers were diagnosed in the chest x-ray arm; 6 were stage I (86%).
Thus CT detected more cancers overall and more stage I cancers, but also
detected more late-stage cancers. The difference in proportions, however,
was not statistically significant (p = 0.2). The NCI-sponsored National Lung
Screening Trial randomized over 50,000 male and female heavy smokers
to annual chest x-ray or annual low-dose helical CT for 3 years and fin-
ished the accrual phase in early 2004. Final results are not expected until
2010.

Will Computed Tomography Screening Be Cost-Effective?

The ultimate fate of CT screening for lung cancer rests with the presence
or absence of mortality benefit as well as the magnitude of benefit. Even if
a benefit is detected, screening may be cost-prohibitive for the population
as a whole. In the absence of long-term results, particularly as it relates to
efficacy and morbidity associated with evaluation of nodules eventually
deemed benign, cost-effectiveness is largely speculative as determined by
cost-efficacy analysis. Two analyses have been wildly optimistic, suggest-
ing that lung cancer screening may cost less than $10,000 per life year saved
(66,67). This becomes more apparent when compared with other well-
accepted intervention screening strategies such as mammography, hyper-
tension screening in 60 year olds, and screening donated blood for HIV,
which all result in a cost per life year saved of approximately $20,000 (68).
In general, these studies have not accounted well for follow-up of inde-
terminate nodules and the possible harms of the diagnostic algorithms on
benign disease. Two studies try to account for these factors. In one study,
assuming 50% of cancers detected were localized and accounting for a full
range of diagnostic workup and scenarios presumes a cost per life year
saved ranging from $33,000 to $48,000 (69). The least optimistic model,
assuming a stage-shift of 50%, used data from previous trials to account
for follow-up procedures, benign biopsies, and nonadherence. Under these
circumstances the cost per life year saved was calculated as $116,000 for
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current smokers, $558,600 for quitting smokers, and $2,322,700 for former
smokers (70). Thus, the cost-effectiveness of lung cancer screening will
have a great effect on its implementation.

II. How Should Lung Cancer Be Staged?

Summary of Evidence: Current staging of lung cancer usually consists of
complementary anatomic and physiologic imaging by CT and PET (Fig.
4.2). Magnetic resonance imaging is useful for evaluating local extension
of superior sulcus tumors into the brachial plexus. It may also be used for
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Figure 4.2. Staging lung cancer with CT and positron emission tomography (PET). A: Contrast-enhanced
CT reveals right apical mass with invasion of chest wall (arrow), T3 tumor. B: Abnormal thickening of
right adrenal gland (arrow) with lobular contours and central low attenuation suspicious for metastasis.
C: Fluorodeoxyglucose (FDG)-PET confirms primary neoplasm and adrenal metastasis (arrow).
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Table 4.3. Staging of lung cancer: tumor, node, metastasis (TNM)
descriptors

Site Name Comment
Primary lesion  TO No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor <3 cm or less surrounded by lung or visceral
pleura without invasion proximal to lobar
bronchus
T2 Tumors >3 cm; any tumor invading main bronchi

but >2 cm from the carina; invasion of visceral
pleura; obstructive pneumonitis extending to hila
but does not involve entire lung

T3 Tumor of any size that directly invades chest wall,
diaphragm, mediastinal pleura, or parietal
pericardium; or involves main bronchus within
2 cm of carina, but does not involve carina; or
results in obstructive atelectasis or pneumonitis
of entire lung

T4 Tumor invades any of the following: mediastinum,
heart great vessels, trachea, esophagus, vertebral
body or carina; malignant ipsilateral pleural or
peri cardial effusion; satellite tumor nodule
within primary tumor lobe

Lymph nodes No No regional lymph node metastases
N1 Spread to ipsilateral peribronchial or hilar nodes
N2 Spread to ipsilateral mediastinal or subcarinal
nodes
N3 Spread to contralateral mediastinal or hilar nodes;
scalene nodes; supraclavicular nodes
Distant disease MO0 No distant metastases
M1 Distant metastases present

Data from Mountain'® and Mountain.”

imaging the central nervous system and occasionally to image the liver and
adrenal glands. Bone scintigraphy may be used to assess for osseous metas-
tases. Histologic subtypes including squamous cell, adenocarcinoma, and
large cell carcinoma are categorized as non-small-cell lung cancer (NSCLC)
due to the similar treatment and prognosis based on stage. Small cell car-
cinoma, the fourth major subtype, is staged separately.

Supporting Evidence: Staging of lung cancer is critical for choosing the
appropriate treatment and for assessing overall prognosis. Staging is cate-
gorized by the tumor, node, metastasis (TNM) system as set forth by the
American Joint Committee on Cancer and takes into account features of
the primary tumor as well as dissemination to the mediastinum and distant
organs (Tables 4.3 and 4.4).

A. How Is the Primary Tumor Evaluated?

Computed tomography is the preferred modality for initially establishing
the diagnosis of lung cancer and providing initial staging information, as
it is widely available, more sensitive than chest radiograph, rapid to
perform, and guides further workup. The use of intravenous contrast is
largely based on physician preference, as few studies have been performed
to assess interpretive difference. Those that have been performed do not
show clear superiority of enhanced over unenhanced scans (72-74). The
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Table 4.4. Stage of non-small-cell lung cancer
(NSCLC) based on TNM classification

0 Carcinoma in situ
1A TINOMO
1B T2NOMO
2A TIN1MO
2B T2N1MO0
T3NOMO
3A T3N1MO
T1-3N2MO
3B Any T4
Any T3
4 Any M1

Data from Mountain'® and Mountain.”

evaluation of T stage is often straightforward with CT. Difficulty may arise
in the evaluation of invasion into the chest wall and mediastinum. Rib
erosion, bone destruction, or tumor adjacent to mediastinal structures pro-
vides reliable evidence of invasion. Without these features, proximity and
secondary signs (greater than 3cm of contact with the pleural surface,
pleural thickening, absent fat planes, and obtuse angle of tumor with the
chest wall) are only moderately helpful in predicting invasion (75-78), and
localized chest pain is a more specific finding (75). Magnetic resonance
imaging is slightly more successful at detecting chest wall invasion (79-81)
owing to better spatial resolution particularly in the lung apex (Table 4.5).
Using dynamic cine evaluation of the tumor during breathing provides
reliable exclusion of parietal pleura invasion, although false-positive
results still occur (82-84).

B. How Is the Mediastinum Evaluated?

Because size is the determining factor for the interpretation of mediastinal
adenopathy, usually 1cm in short axis, CT is an imperfect tool for catego-
rization of mediastinal disease. Twenty studies performed between 1991
and 2001 showed sensitivity ranges from 26% to 86% and specificity from
57% to 93% (85-104). Pooling the 3438 patients among these studies (preva-
lence of adenopathy 28%) gives a sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of 57%, 82%, 56%, and
83%, respectively, for mediastinal disease (17). Despite advances in CT
technology, there does not appear to be a significant improvement in
the ability to stage the mediastinum. Few studies continue to look at CT
as a staging tool, and those that do are generally studies devoted to PET
imaging; thus CT technique and interpretive information is relatively
spotty. The range of sensitivity (43-83%), specificity (52-94%), and accu-
racy (63-86%) all overlap with previous studies (105-108).

Table 4.5. Suggested imaging studies for staging lung cancer

Non-small-cell lung cancer Small-cell lung cancer
CT of chest CT of chest/abdomen
Whole-body PET MRI brain

Bone scintigraphy (optional; see text) Bone scintigraphy

MRI brain (optional; see text)

PET, positron emission tomography.
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While MRI staging is feasible, it is not widely utilized due to cost and
availability. It has been suggested that MR is better at detecting hilar lymph
nodes, although the clinical utility of this is unclear (109,110). The few
studies performed suggest that unenhanced MRI is at best equivalent to
CT (111,112), although gadolinium or new iron oxide contrast agents may
ultimately increase the utility of MRI (111-113).

Fluorodeoxyglucose (FDG)-PET was initially hoped to provide defini-
tive noninvasive staging of the mediastinum. Rather than using size as a
criterion, metabolism of glucose is used as a marker of malignancy. Early
studies fostered extreme optimism and it was not uncommon to see sen-
sitivity or specificity quoted at 100% (97,114-118). In studies without either
perfect sensitivity or specificity, sensitivity ranged from 52% to 93% and
specificity 43% to 93% (87-89,92,94,95,119-124). Pooling the aforemen-
tioned studies resulted in sensitivity, specificity, PPV, and NPV of 84%,
89%, 79%, and 93%, respectively, in 1045 patients with a prevalence of
mediastinal disease of 32% (17). A similar sensitivity and specificity (85%
and 90%) were found in a second meta-analysis (125). This study also
showed that the value of PET was dependent on CT findings. In the setting
of a positive CT scan, sensitivity approached 100%, whereas specificity fell
to 78%. When the CT did not reveal adenopathy, PET was 82% sensitive
and 93% specific (125). Most recently, five studies, each with over 100
patients, have presented a less optimistic view of PET for staging the medi-
astinum, with sensitivity ranging from 61% to 94% and specificity from
77% to 84% (105,126-129). More importantly, in two of these studies the
false-negative rate of PET in the mediastinum was over 10% (126,127).
While PET clearly has better test characteristics than CT for staging the
mediastinum, it is far from perfect. However, it may not be fair to judge
the value of PET in staging lung cancer based on the accuracy in the medi-
astinum alone. The utility of PET lies in its ability to upstage or downstage
patients with lung cancer based on its ability to detect previously unsus-
pected disease in the lung, mediastinum, or extrathoracic disease. Two
studies have now shown that PET avoids unnecessary thoracotomy in
approximately 20% of cases (126,130).

Most studies show incremental benefit when the combination of CT and
PET is used. Newer technology allowing fusion of images either obtained
at different times or on a dedicated PET/CT scanner has helped to stream-
line this process with promising results, increasing the sensitivity of PET
alone by 5% to 8% without a change in specificity for lymph nodes and
more accurate overall stage evaluation (131-133).

C. How Are Distant Metastases Evaluated?

Liver Metastasis

In the setting of negative clinical exam including normal liver function
tests, the yield of CT for liver metastasis is less than 5% (17,134). Further-
more, the liver is rarely the sole site of metastatic disease at the time
of diagnosis, occurring in approximately 3% of cases (135,136). Therefore,
the majority of isolated liver lesions encountered during the workup of
NSCLC will be benign hemangiomas or cysts. As most chest CT scans
cover the majority of the liver, dedicated hepatic imaging is generally not
indicated. In equivocal cases ultrasound, MRI, technetium 99m (Tc-99m)-
tagged red blood cell scan, and PET may have a role and can be appro-
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priately selected based on the pretest probability and the characteristics at
CT. No formal studies have evaluated the merits of these imaging tech-
niques in lung cancer.

Adrenal Metastasis

Incidental adrenal lesions are frequently encountered in the general pop-
ulation and thus encountered in up to 10% of lung cancer patients (137).
The likelihood of metastasis is to some extent related to cancer stage, with
benign adenomas predominating in stage I disease and metastases pre-
dominating in late-stage disease (134,138-140). With CT, lesions can be
assumed to be benign if <10 Hounsfield units (HU) on unenhanced images
(141), or <60% washout of contrast is observed with 15-minute delayed
contrast-enhanced images (142-144). Signal dropout with MR chemical
shift imaging (145) and a negative PET scan (146,147) can also be used to
reliably confirm the benign nature of an incidental adrenal lesion. In rare
cases, biopsy or adrenalectomy may be necessary.

Bone Metastasis

The majority of patients with bone metastases are either symptomatic or
have an elevated alkaline phosphatase (148). Since fewer than 5% of lung
cancer patients have occult bone metastases at presentation (149), routine
radiologic evaluation is not warranted in asymptomatic individuals.
The sensitivity of a thorough clinical exam ranges from 79% to 100%
(17,148,150,151). While bone scintigraphy is quite sensitive for the detec-
tion of osseous metastases, the false-positive rate approaches 40%. Positron
emission tomography also has the ability to detect bone metastases with a
similar sensitivity to scintigraphy, but with a much higher specificity and
negative predictive value (152-154).

Cerebral Metastasis

In the setting of a normal central nervous system exam, the yield of cere-
bral imaging ranges from 0% to 10% (155-161). Asymptomatic cerebral
metastases are most frequently associated with adenocarcinoma and large-
cell carcinoma histologic subtypes (161,162). Potentially operable tumors
>3 cm in size are those most likely to benefit from routine cerebral imaging
(163), but cerebral imaging is not routinely necessary for T1 tumors
(160,164). Both CT and MRI with contrast are accurate for the detection of
cerebral lesions. Although MRI is slightly more sensitive (165), this may
not be clinically meaningful and thus far has not been shown to more accu-
rately stage lung cancer than CT alone. Positron emission tomography has
rather poor sensitivity and is not suitable for excluding cerebral metastases
(166) because the brain utilizes glucose at a high rate, thus obscuring
metastatic uptake if present.

D. Special Case: How Is Small Cell Lung Cancer Evaluated?

Summary of Evidence: Small cell lung cancer (SCLC) is an aggressive neo-
plasm of neuroendocrine cell origin with a distinct biologic behavior and
is therefore grouped separately from NSCLC. Staging is determined by a
two-stage system developed by the Veterans Administration Lung Cancer
Study Group (167). Limited-stage disease includes disease confined to the
chest and supraclavicular nodes that can be contained within a single, tol-
erable radiation port. For example, small cell carcinoma with bilateral para-
tracheal and unilateral supraclavicular adenopathy could be contained
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within a reasonable, single radiation port. On the other hand, a pleural
effusion would require, in theory, including the entire hemithorax within
a radiation port and would encompass too large a field. Extensive-stage
disease includes all lesions not characterized as limited stage and those
with distant metastases. Staging strategies for SCLC are similar to NSCLC.
Due to the high incidence of brain metastases, routine imaging of the
central nervous system is warranted.

Supporting Evidence: Bone is considered to be the most common site of
metastatic disease overall (35% of cases), and therefore bone scintigraphy
should be part of the initial staging evaluation (168). In patients with
extensive-stage disease, up to 60% have metastatic disease in the abdomen
at the time of diagnosis (169,170). This frequency warrants routine staging
of the abdomen with CT scan or MRI. Cerebral metastases may be present
in up to 10% of individuals at the time of diagnosis (171,172). One small
study looked at the efficacy of whole-body MRI as an alternative to CT and
bone scintigraphy and found it to be equivalent (173). Fluorodeoxyglucose-
PET has the potential to provide definitive whole-body staging in SCLC;
however, experience at this time is limited. Three studies with a total of 59
exams in 53 patients showed agreement of PET with conventional staging
in 43 of 59 cases and resulted in upstaging from limited to extensive disease
in nine cases (15%) (174-176).

E. Special Case: What Is the Appropriate Radiologic Follow-Up?

Summary of Evidence: Two issues arise during the follow-up of lung cancer:

measurement of tumors to document response to therapy and what routine
follow-up tests are warranted after the completion of first-line therapy.
Long-axis unidimensional measurements are appropriate for following
lesions with CT or MRI. To the extent possible, the same scanning tech-
nique and interpreter should follow an individual case. Fluorodeoxyglu-
cose-PET may eventually provide additional data by following metabolic
response via standard uptake value (SUV) determination. After definitive
therapy, routine imaging evaluations are not necessary.

Supporting Evidence: Originally, tumor response in clinical trials was
guided by the World Health Organization (WHO) and required bidimen-
sional measurements. Several studies have looked at the use of unidimen-
sional long axis measurements [Response Evaluation Criteria in Solid
Tumors (RECIST) Group] compared to bidimensional and volumetric mea-
sures of response. The RECIST criteria have been shown to be equivalent
to WHO criteria and volumetric measurements in the classification of
response to therapy (177-181). Evaluating 1221 lung cancer patients in clin-
ical trials, a 31% response rate was documented by using both RECIST and
WHO criteria with only one disagreement between stable disease and
partial response (180). While the criterion used does not seem to have an
impact on response evaluation, two studies have looked at the effect of
reader variability. Inter- and intraobserver variation for initial tumor size
is 10% to 15% and 5%, respectively (182,183). The impact on disease
progression and response is affected to a greater degree. Using RECIST
criteria, inter- and intraobserver variability for progressive disease ranged
from 21% to 48% (average, 30%) and 3% to 15% (average, 9%), respectively.
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Response was affected to a lesser degree, interobserver 3% to 27% (average,
15%) and intraobserver 0% to 6% (average, 4%) (182).

Induction chemotherapy may be employed in selected patients with
mediastinal disease in order to render patients resectable for cure. Because
of the inherent difficulties of repeat mediastinoscopy, PET has been evalu-
ated as a means of re-staging the mediastinum in 130 patients in four sep-
arate studies (184-187). Two reports, which included a total of 49 patients,
had a combined accuracy of 95% (184,187). This experience, however, has
not been reproducible, with two other studies showing an accuracy of 50%.
When compared directly to CT for all lymph nodes, accuracy was better
for PET in one (185) and CT in the other (186). Positron emission tomog-
raphy response, however, does correlate to some degree with survival as
those with follow-up SUV less than 2.5 or decreased over 20% have
improved time to disease progression and overall survival (188,189).

Imaging following treatment with curative intent is of unclear value.
Although the major professional societies include surveillance chest radi-
ograph as part of follow-up recommendations (190-192), the hard evidence
for this practice is difficult to find (193,194). One prospective study of 192
patients with aggressive follow-up showed better 3-year survival for
asymptomatic recurrence detection (31% vs. 13%) and that 43% of asymp-
tomatic recurrences could be treated surgically (195). Similar to the
screened population setting, lead and length time bias make the relevance
of the survival data unclear. Two retrospective studies separately came to
the conclusion that strict follow-up had little effect on mortality (196,197).

Suggested Imaging Protocols

Low-Dose Screening Computed Tomography

Collimation: 1.25-2.5mm

Reconstruction interval: 2mm

Technique: 120kVp/20-50 milliampere-second (mAs)

Extent: Scan from lung apices through posterior costophrenic sulcus
Breath hold: full inspiration

Reconstruction algorithm: standard or detail

Contrast: none

Chest Computed Tomography for Lung Cancer Staging

Collimation: 5mm

Technique: 120kVp/100-150mAs

Extent: scan from lung apices through adrenal glands

Breath hold: full inspiration

Reconstruction algorithm: standard

Contrast (optional): ~100 cc nonionic contrast; injection rate = 2.5 cc/sec; 30
second prescan delay

Future Research

1. Can biomarker analysis provide a better target population for
screening?

2. Does PET with SUV provide better or improved prognostic information
than the current staging system?
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3. Can imaging be utilized noninvasively to detect microscopic
metastases?

4. Can imaging of biomarkers be utilized to select the most appropriate
treatment regimen and aid in the delivery of novel treatments?
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